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ABSTRACT 

(S)  An  experimental  senslng-computlng  system  to  protect  tanks  from  anti¬ 
tank  rounds  has  been  developed.  It  locates  an  approaching  round  within 
a  few  feet  from  the  tank,  determines  electronically  its  velocity  and 
trajectory,  and  decides  whether  it  is  potentially  dangerous.  If  found 
not  dangerous,  it  is  ignored.  If  it  is  found  dangerous,  the  system  then 
selects,  out  of  a  multitude  of  defending  charges  arrayed  on  the  tank 
periphery,  one  which  is  in  the  right  position,  and  transmits  to  the 
selected  charge  a  firing  pulse  at  the  correctly  computed  time,  so  that 
the  charge  fragments  intercept  and  defeat  the  attacking  rounds. 

(S)  The  optical  approach  followed  is  essentially  passive,  using  sky 
light  in  daytime  and  invisible  infrared  light  only  at  nighttime.  In 
a  preliminary  system  that  computed  the  firing  time  for  the  defending 
charge  as  a  function  of  the  round  velocity  alone,  with  altitude  and 
angle  of  attack  preset,  various  types  of  HEAT  and  AP  roimds  were  con¬ 
sistently  destroyed  regardless  of  their  velocities.  It  is  probably  the 
first  time  in  history  that  this  has  been  accomplished. 

(S)  In  a  simplified  version  of  the  complete  experimental  setup  which, 
however,  contained  the  full  assembly  of  the  electronic  computers,  a 
Microflash  unit  was  employed  to  simulate  the  defending  charge.  The 
rounds  were  "hit",  that  is,  illuminated  by  the  Microflash  light  pulse 
and  photographed  automatically  in  a  camera  thht  is  sighted  along  the 
fragmentation  plane  of  the  hypothetical  charge,  with  the  timing  of  the 
Microflash  computed  in  the  same  way  as  the  timing  of  the  defending 
charge  firing  pulse  would  have  been  computed.  In  field  tests  made  with 
velocities  from  1200  to  3300  ft/sec,  altitudes  from  0  to  5  ft,  and  angles 
of  attack  from  0  to  55  deg  off-normal,  the  photographs  showed  the  rounds 
"frozen"  in  the  position  in  which  they  would  have  been  impacted  by  the 
defending  charge  fragments. 

(S)  In  an  alternative,  active  X-band  microwave  approach,  the  problems 
of  locating  the  approaching  round  and  determining  its  height  of  attack 
have  not  yet  been  solved  with  sufficient  accuracy.  For  the  velocity 
determination,  the  radar-doppler  method  proved  to  be  able  to  furnish  the 
accuracy  necessary.  The  firing-time  computer  has  been  completed,  while 
the  charge-selection  computer  has  not  yet  been  attacked. 
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1 .  introduction' 


H,  W.  Straub 


(C)  With  the  advent  of  high- penetration  projectiles  of  the  shaped- 
charge,  kinetic-energy,  or  high-explosive-plastic  type,  static  armor 
as  it  has  been  used  with  increasing  refinement  throughout  the  millennia 
since  the  Stone  Age  has  finally  lost  the  race  to  the  attack  weapons. 

As  these  rounds  are  capable  of  defeating  steel  armor  ten  and  more  in, 
in  thickness,  a  tank  carrying  sufficient  armor  to  withstand  them  would 
no  longer  be  acceptable  in  terms  of  weight  (air-transportability)  and 
maneuverability , 

(S>  Tne  purpose  of  the  Project  Dash-Dot  is  to  develop  a  system  for 
the  protection  of  tanks  that  defeats  the  approaching  projectiles  at 
a  distance  large  enough  to  prevent  damage  to  the  vehicle.  Credit  for 
this  basic  concept  is  due  to  Plcatinny  Arsenal, 

(S)  Tlie  over-all  system  consists  of; 

(at  A  sensing- computing  system  that  locates  an  approaching  round 
within  a  few  feet  from  the  tank,  computes  its  trajectory,  decides 
whether  or  not  it  is  potentially  dangerous  (discrimination  against 
small  arms  flre.i'  and,  if  the  round  is  found  dangerous,  selects  the 
defending  charge  in  the  right  place  and  transmits  to  it  a  firing  pulse 
at  the  right  time  to  defeat  the  attacking  round. 

(b.J  An  array  of  defending  charges  located  on  the  tank  periphery 
and  so  oriented  as  to  be  capable  of  intercepting  and  defeating  an  ap¬ 
proaching  round,  if  the  right  charge  is  fired  at  the  right  time. 

(C)  Early  in  1957  over-all  responsibility  for  the  project  was  offi¬ 
cially  assigned  to  OTAC,  with  the  responsibility  for  the  defending 
charges  going  to  Picatinny  Arsenal,  the  research  and  development  work 
on  defending  charge?  to  be  carried  by  BEL/APG,  and  the  responsibility 
for  the  sensing- computing  system  going  to  DOFL.  A  test  of  the  feasi¬ 
bility  of  the  system  was  scheduled  for  June  1960. 

(U)  The  history  of  the  project  since  1957  as  well  as  a  summary  of 
the  achie'-ements  made  under  it  until  mid  1959  have  been  set  forth  in 
a  report  by  OTAC.i- 

(S>  Howe/er,  prior  to  the  official  assignment  of  responsibilities, 
Picatinny  Arsenal  had  already  been  doing  work  on  Project  Dash-Dot,  A 
contract  concerning  development  of  a  sensing- computing  system  using 


*  "Summary  Report  on  Project  Dash-Dot,"  by  M,  Michaelson:  Report  No. 
RRD  3,  Ordnance  Tank  Automotive  Command,  Detroit  Arsenal,  Centerline, 
Michigan,  September  1959,  SECRET, 
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Xfband  microwaves  for  sensing  had  been  let  to  United  Shoe  Machinery 
Company,  Beverly,  Massachusetts o  In  April  1956,  technical  supervision 
of  the  contract  was  assigned  to,  and  assumed  by,  DOFL.  Work  done 
imder  it  is  described  in  section  14  of  this  report. 

(S)  Also  prior  to  the  official  assignment  of  responsibilities,  in 
December  1955,  Mr.  Wilbur  S.  Hinman,  Jr.,  Technical  Director  of  Diamond 
Ordnance  Fuze  liaboratories ,  suggested  another  approach  which  would  use 
optical,  preferably  infrared  techniques,  for  detecting  an  oncoming 
round  and  supplying  the  Information  for  the  computation  of  its  trajec¬ 
tory.  Work  on  an  optical-electronic  sensing  and  computing  system  was 
immediately  initiated  at  the  Diamond  Ordnance  Fuze  Laboratories  and 
carried  on  with  DOFL  R&D  funds  until  the  official  assignment  of  respon¬ 
sibility  under  OTAC's  ccjgnlzance  with  OTAC  funds. 

(S)  The  work  has  been  subdivided  into  the  following  phases: 

(a)  Detection  of  the  approach  of  an  attacking  round  > 

(b)  Computation  of  the  velocity  and  the  trajectory^ 

(c)  Decision  on  potential  danger  of  the  round  (rejection  of 

small-arms  fire)  , 

(d)  Selection  of  the  defending  charge  to  be  fired  > 

(e)  Transmission  of  a  faring  pulse  to  the  selected  charge 

at  the  time  computed  to  produce  interception  of  attacking 
round  by  defending  charge  fragments. 

<S)  Only  horizontal,  that  is,  point-blank  attack  has  been  considered 
at  this  stage  because  this  is  the  expected  direction  of  attack  and  be¬ 
cause  deviations  within  plus/minus  15  deg  off  the  horizontal  cause 
errors  that  are  small  compared  with  the  maximum  acceptable  error  of 
the  over-all  system, 

(C)  It  has  been  assumed  that  the  vehicle  to  be  protected  has  some 
residual  armor  on  it  to  defeat  small-arms  fire. 

(U)  The  initial  equipment,  which  used  rather  crude  optics,  and  the 
tests  that  proved  that  it  is  Indeed  possible  to  obtain  from  fast-moving 
shells  signals  of  sufficient  magnitude  as  to  be  usable  in  a  comiaiter, 
have  been  described  in  previous  reports.* 


*  DOFL  Report  TB-470,  "A  Sensing  System  for  Dash-Dot^"  (U)  by  L. 
Melamed,  H.  W.  Straub,  R.  R.  Ulrich,  1  September  1957 (SSC!RET) 

"a  Sensing  System  for  Dynamic  Armor,"  (U)  by  H.  W.  Straub,  Report 
of  Army  Science  Conference,  United  States  Military  Academy,  West  Point, 
New  York,  26-28  June  1957,  Volume  4,  pp  256-263  (SECRET) 
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(U)  The  experimental  equipment  designed  an^  constructed  to  solve  the 
successive  phases  of  the  project  and  to  meet  the  specifications  for 
the  June  1960  feasibility  test,  and  the  results  of  the  laboratory  and 
field  tests  made  with  it,  are  described  in  the  following  sections.  The 
description  is  encyclopedic  in  most  places  because  it  is  expected  that 
many  of  the  items  developed  can  be  of  use  elsewhere  for  Applications 
other  than  the  immediate  one. 

(U)  Noteworthy  among  them  is  an  electronic  dividing  computer  (section 
10.8)  in  which  the  dividing  process  Is  initiated  before  the  total  div¬ 
idend  has  been  entered  and  in  which  there  is  no  delay  in  obtaining  the 
result . 

<S)  Anticipating  the  field  test  results  described  in  section  13,  it 
may  be  pointed  out  that  kinetic  energy  as  well  as  HEAT  rounds  have 
consistently  been  defeated.  This  is  probably  the  first  time  that  shells 
have  been  Intercepted  and  defeated  intentionally  in  flight. 

(U)  The  project  was  placed  on  the  deferred  list  in  September  1959  be¬ 
fore  the  optical  detection  hardware  intended  for  the  June  1960  test  had 
been  designed.  However,  since  An  experimental  prototype  of  the  sensing 
system  and  all  the  electronic  computers  had  been  nearly  completed  at 
the  cutoff  date.  It  was  decided  at  DOFL  to  complete  the  equipment  and, 
to  make  a  field  test  evaluation  of  the  practicability  of  the  basic  con¬ 
cept  with  DOFL  R&D  funds. 
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2,.  GENERAL  SYSTEMS  ANALYSIS 

W.  Moore,  A.  Copeland,  R,  J.  Paradis 

(C)  In  order  to  evaluate  various  sensing-computer  schemes  to  solve  the 
Dash-Dot  problem,  it  is  advantageous  to  examine  certain  phases  of  the 
state  of  the  art  and  their  effect  on  the  type  of  sensing-computer  systems 
that  may  be  employed  to  meet  the  basic  system  requirements.  Among  the 
most  easily  analyzed  is  the  effect  of  defending  charge  fragment  velocity. 

2 . 1  Limitations  Imposed  by  Fragment  Velocity 

(S)  As  stated  previously,  the  defending  charge  is  to  be  initiated  at 
some  point  on  the  periphery  of  the  tank,  such  that  the  fragments  inter¬ 
cept  and  destroy  the  attacking  round.  These  fragments  travel  in  essen¬ 
tially  straight  lines  to  form  a  jet  or  sheet  of  lethal  particles  travel¬ 
ing  at  a  high  rate  of  speed.  Figure  2-1  illustrates  these  points  for 
the  case  where  the  fragment  trajectory  and  attacking  round  trajectory 
are  normal  to  each  other. 

(S>  If  the  fragments  travel  at  a  speed  greatly  in  excess  of  that  of  the 
attacking  roxind  speed,  say,  at  100  times  that  speed,  the  attacking 
round  travels  only  a  small  distance,  h/100  (figure  2-1)  in  the  time  re¬ 
quired  for  the  fragments  to  travel  the  distance,  h.  From  figure  2-1, 
it  follows  that,  if  the  attacking  round  passes  over  the  defending  charge 
at  a  height,  h,  which  is  5  ft  =  60  in. ,  the  attacking  round  can  only  trav¬ 
el  0.6  in.  in  the  time  the  fragments  travel  60  in.  When  the  two  trajec¬ 
tories  are  inclined  to  each  other,  as  in  figure  2-2,  the  movement  of  the 
attacking  round  is  greater  for  a  given  height  of  trajectory.  If  the 
angle  shown  is  30  deg,  the  fragments  must  travel  the  distance  h/cos 

30  deg.  Tlie  time  required  for  the  fragments  to  travel  this  distance  is 
h/(100  V  cos  30  deg),  where  V  is  the  speed  of  the  attacking  round. 
Thus,  the  attacking  round  will  move  a  distance  h/100  cos  30  deg  in  this 
same  time.  For  the  case  where  h  equals  60  in.,  the  round  will  travel 
0.693  in.  In  most  cases  this  movement  of  the  attacking  round  could  be 
tolerated . 

(S)  Ihus ,  when  the  fragment  velocity  greatly  exceeds  that  of  the  attack¬ 
ing  round,  the  sensing  beam  of  the  optical-sensing  device  may  coincide, 
as  nearly  as  may  be  practicable  (figure  2-3)  with  the  path  of  the  frag¬ 
ments,  and  no  offset  between  sensing  beam  and  fragment  path  and  no  com¬ 
puting  equipment  is  needed  to  compensate  for  variations  in  the  speed  of 
the  attacking  round  and  ihe  height  and  orientation  of  its  trajectory, 

(S)  In  the  present  state  of  the  art,  however,  the  fragment  velocity  does 
not  greatly  exceed  that  of  the  attacking  round,  the  presently  attainable 
maximum  values  being  about  12,000  and  5000  fps,  respectively.  The  simple 
system  described  above  is,  therefore,  not  practicable.  Figure  2-4  illus¬ 
trates  this  fact  for  the  case  of  the  fragment  velocity  normal  to  the 
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DISPLACEMENT  OF  ROUND  IN  TIME  THE 
\  FRAGMENTS  TRAVEL  DISTANCE  (h) 


^DEFENDING  CHARGE  POSITIONS 

Figiire  2-1.  Vertical  fragment  velocity  versus  round  displacement 


DISPLACEMENT  OF  ROUND  IN  TIME 


Figure  2-2.  Inclined  fragpnent  velocity  versus  round  displacement 
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Figure  2-4.  Attacking  round  speed  equals  one-half  fragment  speed 
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round  trajectory.  When  the  attacking  round  speed  is  one-half  the  frag¬ 
ment  speed;  the  charge  must  be  Initiated  when  the  round  is  2.5  ft  in 
front  of  the  fragment  trajectory  for  a  height  of  5  ft. 

(S)  This  may  be  developed  for  the  general  case  using  figure  2-5.  The 
quantity  to  be  determined  is  the  distance  in  front  of  the  intercept 
point  at  which  the  attacking  round  must  be, when  the  defending  charge  is 
initiated;  in  order  to  accomplish  an  intercept.  The  conditions  to  be 
satisfied  for  normal  attack  are  that  the  time  required  for  the  attack¬ 
ing  round  to  go  from  E  to  D  is  equal  to  the  time  for  the  fragments  to 
travel  from  A  to  D,  or 


DE  _  ^ 

V  ~  V  ' 
m  c 

where 

V  =  the  attacking  round  speed;  and 
m 

V  =  the  fragment  speed, 
o 

Then 

where 

=  angle  of  fragment  trajectory  with  the  vertical. 

(S)  It  is  obvious  that  the  maximum  value  of  DE  occvirs  for  the  max¬ 
imum  speed  and  trajectory  height  of  the  attacking  round.  It  will  be 
noticed  that  the  distance  UE  is  independent  of  the  attack  angle  of  the 
round;  but  the  actual  spatial  position  varies  as  the  attack  angle 
changes.  ThuS;  for  a  round,  with  a  nonnormal  attack  angle  P-;  figure 
2-6;  and  the  same  speed,  the  charge  must  be  Initiated  when  the  round 
is  at 'point  E'  where  DE'  =  DE. 

(S)  From  thiS;  it  is  apparent  that  any  sensing-computer  system  used 
must  be  capable  of  determining  the  attacking  round  speed,  trajectory 
height;  and  spatial  position  before  the  attacking  round  is  within  the 
distance  DE  of  the  fragment  trajectory, 

2.2  Approaches  Considered  for  the  Timing  Problem 

(S)  Two  approaches  were  considered  for  solving  the  Dash-Dot  problem: 
(a)  optical  and  (b)  microwave.  The  microwave  approach  is  discussed 
in  section  14  of  this  report. 
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(&)  The  optical  approach  employs  optical  techniques  to  establish  a 
set  of  detection  areas  in  space;  these  areas  are  so  arranged  that 
the  necessary  information  regarding  velocity  and  trajectory  of  the 
approaching  round  can  be  obtained, 

(S)  The  information  is  derived  7l'rom  the  electrical  output  of  photo¬ 
cells  associated  with  the  optical  elements  (section  4).  When  the 
projectile  passes  through  the  field  of  view  of  an  optical  detecting 
beam,  the  photocell  and  associated  circuitry  produce  an  electrical  output 
pulse, 

(C)  The  manner  in  which  the  detecting  beams  are  arranged  is  referred 
to  as  the  geometry  of  a  particular  system.  There  are  many  geometries 
that  may  be  employed  to  give  the  same  basic  information  regarding 
velocity  and  trajectory. 

(S)  Although  many  geometries  were  surveyed  for  the  optical  approach, 
only  two  received  serious  consideration.  Each  of  these  two  geometries 
is  based  on  the  following  assumptions; 

(a)  Speed  of  attacking  round  is  essentially  constant. 

(b)  Trajectories  are  straight  line  paths  parallel  to  the  ground.- 

Figures  2“?  and  2-8  show  the  basic  arrangements  of  the  two  geometries. 
For  purposes  of  convenience  they  are  referred  to  as  inclined-beam  and 
vertical-beam  geometries. 

(S)  In  various  applications  the  space  required  for  mounting  the  de¬ 
fending  charges  and  sensing  elements  is  very  important.  Two  quanti¬ 
ties  cf  primary  interest  are  the  distance  that  the  defending  charges 
and  sensing  elements  extend  in  front  of  the  protected  area  (front 
overhang)  and  the  distance  these  elements  must  extend  beyond  the  cor¬ 
ner  of  the  defended  area  (end  overhang)  to  provide  full  protection  for 
oblique  attack.  Some  of  the  parameters  that  influence  the  overhangs 
are: 


(a)  Type  of  detection  pattern  employed  , 

(b>  Ratio  of  maximum  attacking  round  speed  to  defending  charge 
fragment  speed, 

(c)  .  Physical  protection  for  sensing  units  from  defending  charge 

blast  and  attacking  round  blast, 

(d)  Methods  employed  for  measuring  the  velocity,  and  trajectory, 

e.g.  ,  -microwave  Doppler  or  spaced  detection  areas  for  ob¬ 
taining  velocity, 

(e)  Protection  for  defended  area  from  defending  charge  blast, 

(f)  'lype  of  area  to  be  defended  (vertical  or  sloping  plate) 

and  size  of  defended  area , 
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Figure  2-8.  Vertical-beam  geometry 
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(g)  Time  required  for  computation  and  defending  charge  initiation^ 

(h)  Maximum  speed,  height,  and  attack  angles  to  be  protected 

against . 

2.2.1  Front  -Overhang  in  Inclined-Beam  Optical  Approach 

(S)  In  the  geometries  considered,  the  detecting  beams  are  ar¬ 

ranged  in  three  straight  fences.  All  beams  in  any  one  fence  are  parallel 
to  each  other  and  their  spa,tlal  position  is  known  from  the  design  data. 
Also,  the  photocells  in  the  detection  elements  are  individually  connected 
with  the  computer. 

(S)  The  inclined-beam  geometry  has  the  fences  so  arranged  that 

they  and  the  defending  charge  fragment  paths  are  inclined  with  respect 
to  the  vertical  by  angles  Pi,  Ps  (figure  2-7).  The  fences  A  and 

B  are  psirallel  and  are  used  to  obtain  velocity  Information.  Fences  B 
and  C  make  an  angle  Pg  -  P2  with  respect  to  each  other  and  provide  the 
means  for  obtaining  height-of-attack  information  once  the  velocity  is 
known. 

(S)  It  can  be  seen  that  the  front  overhang  for  this  geometry 

is  equal  to  the  distance  S  plus  d;p  plus  the  distance  D  that  the  defending 
charges  may  be  placed  in  front  of  the  protected  area.  The  distance  s  is 
determined  by  certain  restrictions  of  physical  protection  for  the  optical 
elements  and  the  maximxim  velocities  of  the  defending  charge  fragments  and 
the  attacking  round. 

(S)  Only  after  the  attacking  roxmd  has  passed  all  optical  fences, 

A,  B,  and  C,  and  generated  an  electric  pulse  in  the  photocell  of  each,  is 
there  sufficient  information  to  determine  the  time  when  the  defending 
charge  should  be  initiated.  This  places  the  restriction  upon  the  geometry 
that  the  time  required  for  the  attacking  round  to  pass  from  the  fence  C 
to  the  fragment  trajectory  must  be  greater  than  the  time  required  for  the 
fragments  to  travel  to  the  particular  height  of  the  attacking  round  tra¬ 
jectory.  From  the  geometry  this  is  seen  to  be: 


h 

V  cos  6, 
c  1 


S  +  h  (tan  “  'tfin  Pt  ) 

V 

m 


< 


S  >  V  h 
m 


1 

Vq  cos  P^ 


(tan  pg  -  tan  p^) 

V 

m 


+  I,  V  , 
t  m' 


(2.1) 


<2. 2) 
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where 

h  height  of  attac.kin.g  round  trajectory  above  zero  level, 

=  velocity  of  defending  charge  fragments, 

-  velocity  of  attacking  round, 

=  angle  between  fragment  trajectory  and  vertical, 
angle  between  C-^fence  and  vertical,  and 
I  =  time  required  to  initiate  the  defending  charge. 

(S)  The  angle  p  depends  a  great  deal  upon  the  type  of  area  to 

be  protected,  i.e.,  whether  it  is  a  vertical  plate  or  slopes  back  from 
the  vertical  and  whether  the  area  to  he  defended  can  have  an  unpro- 
tected  region  for  some  height  hy^  above  the  defending  charges.  It  may 
also  depend  upon  the  allowable  distance  D  that  the  defending  charge  may 
be  placed  in  front  of  the  protfevjted  area  and  the  type  of  attacking 
round.  To  illustrate  this  relationship,  asstime  that  for  a  particular 
attacking  round  the  charge  fragments  must  intercept  the  round  at  some 
distance  Dj  back  cf  the  nose  (figure  2-9).  Then  the  distance  from  the 
intercept  pjolnt  to  the  defended  area  must  be  greater  than  or  the 
shell  will  strike  the  defended  area  before  the  fragments  destroy  the 
attacking  round.  This  condition  may  be  stated  ast 


D  >  D .  “  h  (tar.  p  tan  p, )  .  (2.3) 

1  u  c  1 

(S)  It  is  known  that  for  some  shell  will  be  as  great  at  14 

in.  The  unprotected  height,  defending  charge^placement,  and  the  angle 
Pq  will  probably  be  specified  by  the  particular  application;  if  so,  the 
minimum  p^j^  •'ill  be  determined. 

(S)  The  distance  dj  be  t.eeen  the  fences  A  and  B  is  determined  on 

the  basis  cf  the  minimum  distance  required  to  give  accurate  velocity 
measurements  consistent  ;vir.a  the  practical  mounting  of  the  optical  ele¬ 
ments.  If  d,  is  made  too  small,  slight  errors  in  displacement  cause 
large  percentage  errors  in  the  velocity  determination.  A  distance  of 
one  foot  for  d■^  vas  found  to  t"  compatible  with  the  accuracies  required. 

(S)  Lhe  final  resul'^  u  chat  the  front  overhang  for  the  inclined - 

beam  geometry  can  be  found  wich  reasonable  accuracy  from: 


D  +  Sed..>D  “h  (tan  +  tan  p  >  + 
1  1  u  1  o 


V  h 

m  roai;  max 


_^^cos'  p. 


(tan  p^  “  tan  p^^) 
m 


V  I  + 
m  |max 


(2.4) 
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Figure  2-9.  Minimum  distance  for  defending  charge 
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where  the  indi vidua,'',  conditions  to  be  satisfied  are: 


(a)  D  >  D.  “  h  (tan  6,  +  tan  S  ), 

(tan  pg  “  tan 

V 
m 

(c)  dj^is  great  enough  to  assure  accurate  velocity  determination. 

The  maximum  attacking  round  speed  and  height  are  used  in  order  to  meet 
the  worst  conditions  to  be  encountered. 

2.2.2  End  Overhang  in  Inclined-Beam  Optical  Approach 


(b)  S  >  V  I  h 

ra  max  max 


■V  cos 
c 


+  I. 


V  I  ^ 
m  max 


and 


(S)  The  end  overhang  for  a  system  may  or  may  not  be  a  real  phy¬ 

sical  extension  beyond  the  edge  of  the  protected  area.  For  the  inclined- 
beam  geometry,  the  extension  will  be  real  if  the  sensing  elements  define 
cylindrical  detection  regions  of  one  form  or  another.  The  optical  ele¬ 
ments  considered  for  this  approach  had  such  cylindrical  detection  regions.’'' 

(S)  The  end  overhang  for  this  system  (figure  2-7)  can  be  expressed 

by 


eo 


[” 


+  S  +  d  +  h  tan  p  +  tan  p 


J} 


tan  p . 


(2.5) 


where  all  parameters  are  the  same  as  used  for  the  front  overhang  and  p^ 
is  the  attack  angle  of  the  attacking  rovind.  When  the  parameters  h,  p  , 
Pg,  and  p.  are  fairly  large,  the  end  overhang  may  become  intolerable. 
For  example:  let  h  =  5  ft,  p  =45  deg,  p  =  45  deg,  and  p  =  60  deg, 
then  03  4 


L  =  1.73  (D  +  s  +  d.,),  +  5.0  (1  +  1)  1.73,  or 
eo  1 

=  1.73  (D  +  s  +  d^)  +  17.3  ft. 

Thus,  even  if  there  were  no  front  overhang,  the  end  overhang  would  be 
17.3  ft. 

*  Sensing  elements  having  flat,  fan-shaped  detection  regions,  which 
render  unnecessary  any  physical  extension,  were  developed  near  the  con¬ 
clusion  of  this  work.  .They  could  not  be  incorporated  in  the  system  be¬ 
cause  of  lack  of  time. 
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2,2.3  Front  Overhang  in  Vertical-Beam  Optical  Approach 

(S)  The  vertical-beam  geometry  is  shown  in  figure  2-8.  Detec¬ 

tion  fences  A  and  B  are  vertical  and  parallel  and  are  used  to  obtain 
velocity  information.  Fence  C  is  inclined  at  an  angle  P2 
fending  charge  fragment  path  is  inclined  at  an  angle 

(S)  The  front  overhang  for  this  geometry  is  equal  to  the  dis¬ 

tance  S  plus  the  distance  d^^  plus  H  tan  Pg  plus  the  distance,  D,  at 
which  the  defending  charges  may  be  placed  in  front  of  the  protected  area. 
The  distance  S  is  determined  by  the  maximum  attacking  round  speed  ex¬ 
pected  as  well  as  the  minimum  height  of  the  round.  As  in  the  inclined- 
beam  geometry,  the  vertical  geometry  restrictions  are  such  that  the 

fragment  time  (h/V  cos  p, )  must  satisfy  the  relation 
c 


h 

V  cos  P- 
c  ^1 


< 


S  +  h  (tan  Pg  -  tan  p^) 
V 

B1. 


(2.6) 


where  the  parameters  are  the  same  as  the  inclined  geometry.  The  maximum 
front  overhang  can  be  determined  in  the  same  manner  as  the  inclined-beam 
geometry , 

2.2.4  End  Overhang  in  Vertical -Beam  Optical  Approach 


(8)  The  optical  elements  used  in  this  approach  are  again  assumed 

to  define  a  cylindrical  detection  r,egion.  The  end  overhang  can  be  ex¬ 
pressed  ass 


L  r,  (D  +  S  +  d,  +  h  tan  p  +H  tan  p,  )  tan  p,  (2.7) 
eo  1  o  4 


where  again  the  parameters  are  the  same  as  for  the  inclined-beam  geometry. 

(S)  A  typical  example  of  overhang  for  full  protection  of  the  tank 

armor  versus  a  60-deg  attacking  round  is  shown  in  figure  2-10.  It  will 
be  noted  that  for  full  protection,  an  overhang  of  25  ft  is  required.  Ex¬ 
amples  of  overhang  for  less  than  full  protection  are  also  shown  in 
figure  2-10 o 


2.2.5  Overhang  Reduction 

(S)  It  is  obvious  from  the  foregoing  discussion  that  some  overhang, 

both  front  and  side,  will  be  required  for  both  the  inclined  and  vertical 
approaches.  Other  methods  were  analyzed  in  an  attempt  to  reduce  front 
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overhang.  Two  such  methods  are  shown  in  figures  2-11  and  2-12.  Each 
of  these  would  reduce  front  overhfing  and  their  parameters  can  be  derived 
in  the  same  manner  as  they  were  for  the  inclined-beam  geometry. 

(S)  A  method  for  reducing  end  overhang  is  shown  in  figure  2-13. 

In  this  figure  it  is  assiuned  that  the  front  and  sides  of  the  tank  armor 
are  protected.  A  45-deg  array  is  attached  to  the  comer  of  the  tank. 

The  array  is  an  independent  system,  that  is,  it  would  contain  its  own 
computer  and  defending  charges.  It  is  readily  apparent  that  this  method 
would  reduce  the  end  overhang  considerably.  Othjsr  methods  of  reducing 
end  overhang  may  be  employed;  however,  lack  of  time  precluded  investiga¬ 
tion  of  this  phase  of  the  project. 

2.2.6  Effect  of  Restricting  Overhang  for  Vertical  Protected  Area 


(C)  It  was  stated  (oral  communication)  by  OTAC  in  June  1959 

that  in  any  system  used  on  a  vehicle,  the  front  overhang  should  not  ex¬ 
ceed  6  in.  and  that  the  maximum  allowable  space  in  the  vertical  for 
mounting  the -system  would  be  1  ft.  As  a  consequence "of  these  restric¬ 
tions,  the  following  analysis  was  made: 

(S)  Assuming  that  in  some  cases  a  shell  must  be  hit  14  in.  back 

of  its  nose,  e.g.,  as  in  the  106-mm  HEAT  round,  then  the  intersection  of 
the  minimum  height  trajectory  line  (figure  2-14)  and  the  fragment  trajec“ 
tory  line  must  occur  at  a  distance  of"  14  in.  or  more  from  the  plate  to 
be  protected  (point  P  in  figure  2-14.) 

CASE  I 

(S)  If  the  line  charge  lies  at  the  intersection  of  the  fragment 

trajectory  and  the  plate  line,  then  the  unprotected  height  h^  above  the 
line  charge  is  determined  by: 


h^  =:  14  in. /tan  x,  (2. 

where  x  is  the  angle  between  the  fragment  trajectory  and  the  plate  line. 
The  distance  that  the  line  charge  fragments  have  to  travel  to  the  mini¬ 
mum  trajectory  line  is  given  by: 


L  =  14  in. /sin  x.  (2. 


(S)  If  li  is  the  greatest  lethal  range  of  the  line  charge 

fragments,  then  protected  height  h^  is  seen  to  be: 
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Figure  2-13 .  Method  for  reduction  of  end  overhang 
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It  is  seen  from  equations  (2.12)  and  (2.14a)  that  for  the  same  x, 
case  II  differs  from  case  I  by  decreasing  the  unprotected  height  h^ 
by  d/tan  x,  while  increasing  the  protected  height  by  the  same  amount. 


(U) 

from  case 


I 


Hie  maximum  h  ,  given  L  ,  for  case  II ^ 
,  since  h^  depends  upon  Bo^h  X  and  d. 


however, 


differs 


(U)  Prom  Inspection  of  equations  (2.12)  and  (2.14),  it  can  be 

seen  that  h  will  equal  L  if  d  =  14  in.  and  x  is  zero.  However,  ths 

restriction  that  d  must  be^  in.  or  less  prohibits  h^  from  equaling 


(C)  Equation  (2.14a)  also  shows  that:  for  a  given  x  the  value  of 

h  increases  as  the  distance  d  increases  from  zero  toward  6  in.  There¬ 
fore,  if  d  is  made  6  in.  and  then  the  maximum  value  of  h  is  determined 
as  a  function  of  x,  the  protected  height  will  be  as  largi  as  possible 
under  the  specified  restrictions. 

(U)  By  a  process  similar  to  that  used  in  case  I,  the  value  of  x 

needed  for  this  maximum  h  is  shown  to  be: 

P 


1/3 

sin  X  =  (14  -  d)/L  )  with  d  equal  to  6.0  in.,  or 
max  ’  ’ 


=  (8/L  ) 

max 


max 
1/3 


(2. 


CASE  II  with  OTAC  Requirements 

(U)  Requirements:  d  =  6  in.  and 

h^  =  12  in.  (figure  2-16) . 

(U)  It  can  be  seen  that  h  in  equation  (2,14a)  will  be  as  great 

as  possible  if  d  is  as  large  as  pBssible  in  the  range  from  ze^o  to  14  in. 
6  in.  in  this  case  ■ —  and  x  is  as  small  as  possible, 

(C)  From  equation  (2.12), 

tan  X  =  (14  -  6)/h^. 


Therefore,  x  will  be  as  small  as  allowable  when  h  is  as  large  as  possi¬ 
ble,  i.e,,  12  in,,  so  that 

tan  X  =  (14  -  6)/12  =  2/3  or 
X  =  33.7  deg. 


(C) 


It  also  follows  under  these  conditions,  that  since 

h  =  (L  cos  X  -  h  ) , 
p  max  u  ■’ 


the  protected  height  will  be: 

h  =  0.832  L  ax  -  12  in. 
..  -P  m 
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(S)  The  next  quantity  to  determine  would  be  the  charge  initia¬ 

tion  line  for  maximum  velocity  shell  (locus  of  points  where  maximum 
velocity  shell  must  be  when  the  charge  is  initiated  to  accomplish  inter¬ 
ception)  . 

(S)  The  conditions  to  be  satisfied  are  (figure  2-16)  that  the 

time  required  for  the  attacking  round  to  go  from  E  to  D  ^  equal  to  the 
time  for  the  charge  fragments  to  travel  from  A  to  D,  or  DE/V  =  AD/V  . 

*  *  TtiQ.'jr  ’  p 

From  the  geometry,  however, 

DE/sin  x^  =  AD/sin  x^,  (2.16) 

90°  +  +  Xg  +  Xg  =  180°,  and 

Xg  =  90®  “  (x^  +  Xg)o  :  (2.17) 

Therefore, 

sin  x„/ain  x„  =  DE/AD  =  V  /V ■ , 

2  3  max 

sin  x„/sin  (90®  -  x.,  -  x  )  =  V  /V  , 

2  12  max  o’ 

sin  x„/cos  (x,  +  x„)  =  V  /V  ,  and 
2  1  2  max  o’ 

sin  x„/(cos  X,  cos  x„-sin  x,  sin  x_)  =  V  /V  ,  (2.18) 

1  12  12  max  c 

If  reciprocals  are  taken  and  simplified,  the  result  is 

cot  x„  cos  X,  -  sin  x.  =  V  /V  and 

2  1  1  c  max ,  : 

cot  -x.-  -  /V  +  sin  X,  )/cos  X-  .  (2.19) 

2  c  max  11 

Using  the  values, 

V  -  8500  ft/sec,  V  =  5000  ft/sec,  and  x,  =  33.7°,  yield 
o  max  ’  1  ’  ’ 

cot  x„  =  (8500/5000+  sin  33,7°)/cos  33.7®  or 

/t 

=  (1,7  +  0.555)/0.832  =  2.7,  and 
Xg  =  20.3°. 
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CONDITIONS  FOR  INTERCEPT; 


Figure  2-16.  Effect  of  restricting  overhang  for  case  II  with 
OTAC  restrictions 
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(S)  It  can  be  seen  from  this  that  the  angle  the  charge  initiation 

line  makes  with  the  defended  plate  +  Xg)  is  equal  to  54,0  deg. 

(S)  Since  all  sensing  beams  must  lie  outside  the  charge  initiation 

line,  while  originating  within  the  specified  region  (R)  of  figure  2-16, 
the  angles  between  the  sensing  beams  and  the  protected  plate  become  in¬ 
tolerably  large. 

2.2.7  Flatness  of  Detection  Fences 


(S)  It  has  been  found  necessary  that  the  rounds  be  hit  at  a 

particular  point,  that  is,  their  most  vulnerable  point;  with  an  accurapy 
of  ±  1  in.  Evidently,  the  hitting  accuracy  depends  critically  on  the 
accuracy  of  the  determination  of  the  firing  time  of  the  defending  charge, 
which  in  turn,  depends  on  the  accuracy  of  the  f latDPSS  of  the  detecting 
fences . 

(S)  Figure  2-17  illustrates  the  geometric  configuration  in  its 

most  simple  form.  P  and  are  the  edges  of  the  ideal  plane  fences 
(solid  lines).  The  dotted  lines  represent  the  actual  edge  of  any  two 
particular  actual  fences.  It  is  assumed  that  the  error  Ad  is  symmetrical 
about  the  ideal  plane. 

(S)  The  two  ideal  planes,  P^  and  P^,  are  separated  by  distance 

dj^;  dg  is  the  distance  from  the  ideal  plane  P^  to  a  point  in  the  desired 
line  charge  impact  plane;  d^  is  the  actual  distance  between  the  two 
actual  fences  at  the  points  corresponding  to  interceptions  for  any  par¬ 
ticular  shell;  d^  is  the  distance  from  the  ideal  P  plane  and  the  partic¬ 
ular  shell’s  nose  position  at  the  time  a  firing  pulse  is  generated. 

(S)  The  line  charge  in  figure  2-17  has  to  be  initiated  a  certain 

time  T^2  after  the  shell  has  traversed  fence  P^,  which,  for  the  moment, 
is  assumed  ideal.  It  can  be  derived  that  this  time  Tf2  equals  (Tp2“'Tpj^) 
(d^/d  )  where  T‘ ,  and  T  ^  are  the  times  of  traversal  §f  fences  P  and  P^. 
It  thus  follows  ?hat  thl  time  differential  (T  -  T  is  magnified  by 
the  leverage  factor  d  /d  ,  which  also  applies^to  anf  error  in  the  time 
differential.  Since  this  t_ror  is  solely  due  to  de. 'ations  of  the  fences 
P,  and  P  from  flatness,  the  maximum  tolerable  deviation  must  be  deter¬ 
mined,  * 

(C)  The  greatest  errors  will  occur  under  the  two  following  condi¬ 

tions;  (a)  Fence  Pj^  triggered  at  the  latest  possible  time  and  P2  trig¬ 
gered  at  the  earliest  possible  time,  that  is,  at  points  P^  and  P^  or  / 

*  In  the  calculation,  the  characteristics  of  the  other  system  components, 
such  as  photocells,  computers,  defending  charges,  are  assumed  to  have  no 
errors.  A  more  detailed  analysis  of  the  influence  of  som6  component  char¬ 
acteristic  errors  on  the  over-all  system  accuracy  follows  in  section*  3 . 5 .  ' 


38 


SECRET 


Thli  dwumtnt witilnj  Informitlon  »h»  nttlond  dtftnfof  th«  United  Itetei  wjthto*te  miinln*  of  tho  oMlonuo  lowi  titio 

1»  U.  •.  C..  7»S  and  794.  Ite  ttenimlulon  or  tho  rovol.tlon  of  n.  oontente  In  7ny  rn.?ne?^(STn^nVl!th‘oJl.  W 


line  charge 
fragment 
trajectory 


dLUHLI 


Figure  2-17.  Illustration  of  errors  in  fence  flatness 
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(b)  fence  triggered  at  the  earliest  possible  time  and  fence  Pg  trig¬ 
gered  at  the  latest  possible  time,  that  is,  at  points  Pj  and  P”. 

(C)  It  can  be  seen  by  referring  to  figure  2-17  that  the  true 

distance  between  the  two  actual  screens  will  be  shorter  than  the  ideal 
for  case  a,  and  longer  than  the  ideal  for  case  b.  Ihe  time  required 
for  the  shell  to  pass  through  this  actual  distance  will  be  multiplied 
^2 

by  the  factor  —  and  a  firing  pulse  will  be  supplied  at  that  time. 

(U)  By  setting  up  the  equations  to  solve  for  a  Ad  max  on  a  ±  1- 

in!.  tolerance  in  a  shell  position  at  the  firing  plahd,  and  by  assuming 
all  other  errors  to  be  zero,  from  figure  2-17 


2 

—  =  R,  a  dimensionless  ratio  and 

d^  =  (d^  ±  for  the  extremes. 

From  equation  (2.20) 

d^  =  Rd^; 

and  from  figure  2-17 

d '  =  Rd '  ±  Ad 
2  1 

(U)  By  substituting  for  d^  and  imposing  the  limits  on  d^ 

which  are 

d '  <  d  +  1  in.  and 
2  2 

d^  >  d2  -  1  in. 

from  equation  (2.23)  the  two  limiting  cases  are  obtained: 

d '  =  d  +  1  in.  =  R(d  +  2Ad)  +  Ad,  and 
2  2  ^ 

-  1  in.  =  R(dj^  -  2Ad)  -  Ad. 


(2.20) 

(2.21) 

(2.22) 

(2.23) 

(2.24) 

(2.25) 

(2.26) 

(2.27) 
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Ti  alls  posing  equation  (2,27*  results  in 


Rdj  _  Z;.d  <2R  1  Ij  -!•  1  in. 


(2.28) 


Division  by  d^  gives 


^  T.  R  ±  ^  (2R  ±  1)  + 

di 


=:  (eq  2,20),  therefore 


0  ..  ±  ^  (2R  ±  1)  +  ,  or 


(2.2P) 

(2.30) 


0  r:  Zid  (2R  ±  1)  +  1  in.j  and 
.  1  in. 


A  A-  A 

“■d - ^d 


2R  +  1 


(eq  2.22) 


(2.31) 

(2.32) 


If  R  -5,  as  is  likely  in  the  present  case,  equation  (2.32)  gives 


jd  <  ±  ~  0  091 


(S)  It  is  obvious  tha*^ ,  with  a  maximum  tolerable  deviation  of 

less  than  0.09  in,  from  ideal  flatness  of  the  detection  fences^  cir¬ 
cular  cross-section  detection  beams  making  up  the  fences  were  not  ac¬ 
ceptable,  In  order  to  insure  the  required  degree  of  flatness,  the 
square  cross-sectional  detection  elements  described  in  section  4  were 
developed,  IVhen  properly  aligned  side  by  side  with  the  unavoidable 
minimum  of  spacing  between  ^hem,  their  detection  patterns  form  fences 
that  are  flat  within  tne  tolerance  limit. 

2 . 3  Considerations  of  Defending-Charge  Arrangement 

(S)  It  has  been  found  necessary  by  Picatinny  Arsenal  to  arrange  the 
line  charges  into  two  rows  af  different  heights  and  in  a  staggered  array, 
as  shown  in  figure  2-18.,  and  in  the  two  possible  alternatives  (figures 
2-19  and  2-20), 

(S)  In  order  to  maintain  the  best,  possible  firing  time  accuracy  for  a 
system  that  includes  the  aforementioned  line-charge  array,  two  separate 
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Figure  2-18.  Top  view  of  staggered  defending-charge  array. 
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(b)  FRONT  LINE  LOWER 


Figure  2-19.  Side  view  of  line-charge  array 
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Figure  2-20.  Error  versus  velocity  for  alternate  defending-charge  arrays 
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computers  are  necessary,  one  for  each  row  of  line  charges.  However^  if 
the  charges  can  be  considered  to  detonate  at  a  position  c  that  is  midway 
between  the  two  existing  rows  of  charges^  a  single  computer  may  be  used 
provided  that  the  re&iiltirjg  error  can  be  accepted  (section  3.5.5). 

(S)  The  staggered  array  may  assume  one  of  either  configuration  sho’wn 
(a)  and  (b)  of  figure  2“19.  In  both  cases,  the  original  firing  time 
equation  still  applies,  with  the  line-charge  distance  being  that  from 
the  second  optical  fence  to  the  hypothetical  charge  c.  The  errors  that 
develop  are  due  to  the  differences  between  the  location  of  the  hypothet¬ 
ical  charge  and  the  actual  ones. 

(S)  The  computer  will  behave  as  though  it  is  delivering  a  firing  pulse 
to  a  charge  in  the  hypothetical  row  of  line  charges  c  which,  if  it  were 
at  the  position  indicated  in  figure  2-19,  would  hit  the  attacking  round 
at  precisely  the  proper  point  x^.  However,  points  or  x^  would  be 
the  actual  points  hit  depending  upon  whether  the  line  charge  that  would 
actually  be  fired  would  lie  in  row  1  or  2.  The  resulting  error  for  the 
configuration  (b)  of  figure  <2-19 )  is 


.  ±  ±  S2  -=  Si  ±  -  % 

c 


(2.33) 


where S  ,  S  ,  and  S  are  the  distances  indicated, 
velocity  of  8000  ft/sec,  and  V  is  the  attai 
angular  approaches,  equation  (S.33)  becomes 


V  is  line  charge 
is  the  attacking  rotmd  velocity.  For 


®1  S 

- ^  ±  ^  V  . 

cos  0  V  m 
c 


(2.34) 


For  the  configuration  (a>  of  figure  2-19  the  equation  is 

^r  -  -  ®1  V" 
c 


(2.35) 


or  for  angular  approaches 
E  -  ± 


^1  -®3 

cos  e  V  m- 
c 


(2.36) 


where  the  va!l  ues  S,  ,  and  S„  V  ,  an.d  V  are  as  defined  for  equation  (2 . 33) . 

1  3  o  m 

(U)  'The  error  equations  (2)  and  (4)  are  plotted  on  the  graph  (figure  2-20) 
for  the  following  values  of  the  parameters: 
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=  1,625  ft,  Sg  =  5  ft,  =  8000  ft/sec, 

and  for  two  values  of  6, 

6  =0  (normal  attack)  and 

0  =60  deg  (oblique  attack) . 

(S)  It  can  be  seen  from  the  graph  ,that  configuration  (b)  of  figure  2-19 
(equation  (2,36))  produces  smaller  errors  than  does  configuration  (a) 
of  figure  2-19  (equation  (2.34))  and  that  the  error  may  be  zero  for  some 
attacking  round  velocities.  For  this  reason,  the  decision  was  made  in 
favor  of  configuration  (b)  of  figure  2-19 . 

2.4  Optical  Versus  Microwave  Approach 

(S)  Both  systems  under  investigation,  i.e.,  infrared  and  microwave  sys¬ 
tems,  are  based  upon  the  establishment  of  a  reference  geometry  in  si>ace 
whereby  the  trajectory  and  velocity  of  the  attacking  rounds  can  be  deter¬ 
mined.  The  only  essential  differences  between  the  microwave  and  infrared 
systems  are  the  types  of  detectors  and  radiators  and  the  method  of  meas¬ 
uring  the  shell  velocity.  The  following  table  is  a  comparison  of  the 
two  approaches  on  a  very  broad  basis. 

(S)  The  space  requirements  of  either  system  depend  greatly  upon  the 
over-all  requirements  for  a  particular  application. 


Parameters 

Microwave  System 

Optical  system 

Velocity  determination 

Doppler  frequency 

Spaced  parallel  fences 

Height  determination 

2-divergent  fences 

2-divergent  fences 

Charge  selection 

3-divergent  fences 

Numerous  pickets*; 
3-divergent  pickets* 

IJrpe  of  computer 

Analog*;  digital** 

Analog*;  digital*** 

Equation  to  solve 

Same  as  optical 
system 

Same  as  microwave  system 

Capable  of ; 

Daylight  operation 

Yes 

Passive;  using  reflected 
daylight 

Night  operation 

Yes 

Active;  using  artificial 
infrared  light 

Minimum  overhang: 

Front 

Depends  on  over-all 
system 

End 

Potentially  zero 

Note :  ^Completed ;  ** 

Proposed  methods  no 

tests  made  to  date; 

***  Some  work  done  on  velocity  computer 
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(S)  It  has  been  stated  erroneously  that  a  microwave  sensing  system  for 
Project  Dash- Dot  would  be  highly  preferable  to  an  optical  system  because 
of  its  inherently  negligible  space  requirements.  The  fact  is  that,  since 
both  systems  use  the  same  geometry,  their  space  requirements  are  also 
essentially  the  same. 
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3.  OPTICAL  APPROACH 
L.  Melamed 


3.1  Speclfloations  for  Feasibility  Teat 

(U)  The  following  specifications  for  the  feasibility  test,  which  had 
been  scheduled  for  June  1960,  were  agreed  to  by  the  cooperating  instal¬ 
lations,  OTAC,  PA,  BRL/APG,  and  DOFL. 

(S)  A  piece  of  armorplate  10  ft  x  10  ft  in  size,  2  in. in  thickness, 
and  inclined  at  30  deg  to  the  ground,  thus  presenting  a  projected  area 
of  10  ft  wide  and  5  ft  high,  was  to  be  defended  against  HEAT  and  AP 
rounds  varying  from  37  mm  to  106  mm  in  caliber.  The  plate  would  also 
be  fired  at  with  machine  gun  bullets,  which  would  have  to  be  ignored  by 
the  system  (size  discrimination).  Attack  would  be  point-blank,  includ¬ 
ing  oblique  firings  at  azimuth  angles  from  0  deg  to  60  deg  off  normal 
and  height  of  attack  between  17  in.  and  5  ft.  The  plate  described  would 
simulate  the  so-called  glacis  of  a  present-day  tank, 

(S)  In  order  to  reduce  the  number  of  components  in  the  computer  and 
save  funds,  without  sacrificing  any  of  the  test  objectives  or  obscuring 
the  system  capabilities,  it  was  also  agreed  that  only  the  right-hand  3-ft 
portion  of  the  armorplate,  as  seen  from  the  gjin  position,  would  be  fired 
at,  leaving  a  7-ft  end  overhang  on  the  left-hand  side.  Furthermore, 
angle  shots  would  only  be  fired  from  the  left-hand  side. 

3.2  System  Geometry 

(S)  Figure  3-1  shows  the  geometry  as  actually  employed,  A  double  array 
of  line  charges  is  arranged  in  staggered  brickwork  .fashion  along  the 
lines  Xg  and  x^  (plan  view),  which  are  set  0,25  ft  apart.  The  separation 
in  elevation  is  1.0  ft.  The  charge  fragments  are  expelled  perpendicular 
to  the  ground  along  the  lines  labeled  P^g  and  Three  optical  detec¬ 

tion  planes  (fences)  are  employed.  Their  cross  section  (in  elevation  view) 
is  represented  by  the  fences  labeled  A,  B,-  and  C.  Fences  A  and  B  are  par¬ 
allel- to  each  other  and  lie  perpendicular  to  the  ground.  Fence  C  is  in¬ 
clined  at  an  angle  (jl  =  20  deg  to  the  other  two  fences  and  intersects 
fence  B  at  a  distance  of  6.5  ft  from  ground  level.  Tlie  points  0,  1,  and 
2  (plan  and  elevation)  represent  the  intersection  points  of  the  missile 
path  with  the  three  fences.  In  the  plan  view,  these  intersection  points 
are  labeled  X_,  Y^,  etc.  Each  fence  in  turn  consists  of  a  parallel  uni¬ 
form  spacing  of  square  independent  distinguishable  detection  pickets.  The 
pickets  are  spaced  1.43  in.  apart,  resulting  in  seven  pickets  per  running 
foot.  The  maximum  attack  altitude  is  5  ft  from  ground  level;  the  minimum 
altitude  is  17  in.  =  1.42  ft.  A  target  missile  approaches  along  the  line 
P  at  an  attack  angle  6  deg  measured  from  the  normal  to  the  line  of  charges 
and  at  an  altitude  of  (6.5-h)  ft.  Points  3  and  4  represent  the  intersection 
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of  the  missile  path  with  lines  and  X^.  The  point  X,  Y  is  the 
intersection  of  the  missile  path  with  an  imaginary  line  lying  midway 
between  the  2  lines  of  charge  (plan  and  elevation).  This  line  shall 
be  referred  to  as  the  center-of-gravity  (eg)  line  in  the  sequel.  The 
plate  to  be  defended  is  inclined  at  30  deg  to  the  horizontal  as  stated 
in  the  test  specification  (section  3,1). 

3.2,1  Advantages  of  Geometry  Chosen 


(S)  A  number  of  other  configurations  would  have  been  possible 

for  successful  fxmetion.  The  particular  one  chosen  has  several  ad¬ 
vantages  over  all  others  considered  but  is  not  the  most  economical  solu¬ 
tion  in  regard  to  system  size.  Specifically  bulk  (overhang)  was  ac¬ 
cepted  for  simplicity  to  facilitate  demonstration  of  the  Dash-Dot  con¬ 
cept.  For  incorporation  in  a  tank,  considerable  size  reduction  should 
be  possible. 

3.2.2  Fence  Design 


(S)  The  optical  elements  were  chosen  to  look  upward  (rather  than 

downward), not  only  to  simplify  mounting  the  system,  but  also  to  eliminate 
ground  reflection  noise  and  the  disturbing  effect  of  shell  shadows  on  the 
ground.  Satisfactory  performance  is  possible  for  either  case.  This  fea¬ 
ture  had  to  be  weighed  against  factors  such  as  the  increased  IR  jamming, 
susceptibility  to  the  sun,  flares,  and  gun  flashes.  This  susceptibility 
arises  merely  from  an  abnormally  increased  background  level  that  has  the 
effect  of  temporarily  lowering  over-all  detector  sensitivity;  malfunction 
as  such  will  not  occur  because  of  the  requirement  of  the  sequential  alert 
of  fences  A,  B,  and  C.  Thus  an  external  flare  will  excite  all  3  fences 
simultaneously  and  will  automatically  be  ignored, 

(S)  A  saving  in  overhang  is  realized  if  the  velocity-measuring 

fences  (A  and  B)  are  inclined  to  the  vertical  and  brought  closer  to  the 
defended  plate.  However,  the  advantages  of  the  configuration  of  figure 
3-1  are: 

(a)  C5harge  selection  is  made  independent  of  the  attack 

altitude  h. 

(b)  Increased  velocity-measuring  precision. 

(S)  Fence  C  intersects  fence  B  above  P  (rather  than  below), 

thereby  matching  the  longer  fragpnentation  fligh'?  time  required  at  large 
attack  altitudes  to  an  earlier  computer  decision  (earlier  intercept  of 
fence  C) . 

(S)  Altitude  measuring  precision  increases  with  increasing  angle  (j). 

Twenty  degrees  is  a  working  compromise  between  a  moderate  amount  of  over¬ 
hang  and  system  accuracy.  Velocity  measuring  precision  increases  with 
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increasing  a.  At  a  =  1  ft,  velocity  errors  are  about  0.8  percent. 
Distance  e  (=  3.75  ft)  is  dictated  by  the  firing  delay  time,  the  frag¬ 
mentation  flight  time  (at  a  minimum  attack  altitude),  and  a  minimum 
overhang . 

(C)  It  is  necessary  to  make  the  velocity  measuring  fences  (A  and 

B)  the  first  two  intercepted  fences  since 

(a)  The  altitude  computation  requires  previous  knowledge  of 

the  velocity, 

(b)  The  charge  selection  computer  functions  from  information 

from  the  velocity-measuring  fences  only. 

3.2.3  Line-Charge  Array 


(S)  The  ideal  line-charge  array  would  be  a  single  line  charge 

equal  in  length  to  the  defended  structure.  There  would  then  be  no  need 
for  a  charge  selection  computer  and  no  potential  target  could  get  past 
such  a  wall  of  fire  unscathed.  Such  a  proposal  is  infeasible  for  several 
fairly  obvious  reasons.  (a)  Such  a  single  wall  of  fragmentation  would 
require  about  100  lb  of  high  explosive  (for,  say,  a  tank  wall  20  ft  long); 
the  resultant  blast  and  shock  wave  would  destroy  the  system,  the  defended- 
vehicle  personnel,  or  both,  and  (b)  even  if  no  damage  resulted,  the  tank 
would  be  left  completely  undefended  until  another  such  (unwieldy  and  heavy) 
charge  could  be  rejwsltioned. 

(S)  Since  the  maximum  anticipated  caliber  of  attacking  artillery 

is  about  4  in.,  a  more  workable  solution  is  to  construct  the  line  charge 
in  segments  and  detonate  (per  decision  of  the  charge  selection  computer) 
the  appropriate  segment.  The  segments  chosen  are  about  10  in.  long,  have 
an  effective  lateral*  coverage  of  about  12  in.  and  contain  about  6  lb  of 
high  explosive.  It  should  be  further  noted  that  with  a  segmentation  de¬ 
sign,  the  tank  is  not  left  completely  undefended  immediately  after  system 
function,  indeed,  the  tank  remains  defended  except  for  a  small  length 
representing  the  recently  detonated  charge.  The  likelihood  of  a  second 
missile  directed  to  the  ssime  vertical  strip  on  the  tank  within,  say,  2 
sec,’*is  statistically  small. 

(S)  With  the  choice  of  a  segmented  line-charge  defense  two 

new  problems  arise:  (a)  adjacent  line  charges  must  not  detonate  sym¬ 
pathetically  and  (b)  no  holes  should  exist  in  the  array  of  line  charges 
for  any  angle  of  attack  and  any  caliber.  To  satisfy  these  conflicting 
requirements,  the  staggered  brickwork  array  of  charges  was  adopted 


*  i.e.,  along  the  major  axis  of  the  charge. 

**  Assuming  an  automatic  device  reloads  the  blank  station  in  this  arbi¬ 
trary  interval. 

***  To  be  simply  called  line  charge  in  sequel. 
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(jfigure  3-1).  Not  shown  in  the  figure  are  steel  deflector  plates  sur¬ 
rounding  each  charge;  these  allow  closest  packing  of  the  charges  without 
sufficient  blast  to  cause  nearest-neighbor  detonation. 

(S)  From  a  measurement  of  the  transit  times  of  an  attacking  round  be¬ 
tween  fence  A  and  fence  B  and  between  fence  B  and  fence  C,  it  is  appar¬ 
ent  that  it  is  possible  to  directly  measure  the  normal  component. of 
velocity  and  height  of  attack.  From  a  knowledge  of  which  particular 
pickets  in  fences  A  and  B  are  triggered,  it  is  possible  to  measure  0. 
It  is  thus  possible  to  completely  specify  the  threerdimensional  tra¬ 
jectory  in  the  horizontal  plane  of  any  missile  approaching  the  system. 
Provided  with  this  information,  a  firing  time  may  be  computed  (for  the 
appropriate  line  charge)  to  effect  a  collision  between  any  selected 
point  on  the  missile  axis  and  the  line  of  charge  fragments. 

3.3  Firing  Time  Equations* 


(S)  Define, 


firing  time  for  an  Xg  selected  charge, 

firing  time  for  an  selected  charge, 

=  firing  time  for  an  X  selected  charge, 

T„  =  collision  time  for  an  X„  selected  charge, 

=  collision  time  for  an  X^  selected  charge, 

T  =  collision  time  for  an  X  selected  charge, 

T  „=  fragmentation  flight  time  for  an  X„  selected  charge, 
Co  o 

fragmentation  flight  time  for  an  X^  selected  charge, 

=  fragmentation  flight  time  for  an  X  selected  charge, 

=  line  charge  fragment  velocity  (8000  fps). 


*  The  early  work  on  the  geometrical  analysis  is  contained  in  DOFL 

Report  TR-433,  "Theoretical  Analysis  of  a  Dash-Dot  Sensing  System,' 
by  Orval  R.  Cruzan,  December  1957.,  (Secret) . 

**  i.e.,  time  at  which  the’ firing  pulse  is  delivered  to  a  charge 

lying  on  Xg. 

***  i.e.,  time  at  which  a  collision  occurs  between  line  charge  frag¬ 

ments  and  missile. 

i.e;,  elapsed  time  interval  (sec)  between  firing  command  and  missile 
intercept . 
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V  =  true  missile  velocity  (fps), 
m 

a  fixed  distance  between  fence  A  and  fence  B  (1  ft), 
e  =  fixed  distance  from  fence  B  to  Xg  line  (3.75  ft), 

^  =  fixed  angle  between  fences  B  and  C  (20  deg), 

Tq  =  time  of  missile  interception  of  fence  A, 

=  time  of  miasile  interception  of  fence  B, 

T  =  time  of  missile  interception  of  fence  C,  and 

A 

h  =  distance  from  P  to  intersection  of  fence  B  with  fence  C. 
m 

For  a  collision,  there  must  be 


(3.1a) 

(3.1b) 

(3.1c) 

(3.2a) 

(3.2b) 

(3.2c) 

'  (^) 

(3.4) 

(3.5) 
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determined  from  either  of  the  pair  of  equations. 


+ 


.125  _  1.0/2 

V  cos  0  8000 

(3.12a) 

m 

.125  1.0/2  . 

(3.12b) 

V  cos  0  ^  8000 

substituting  equations  (3.9)  and  (3.5)  into,  say,  equation  (3.12a) 
yields 


“^2  ~  6.0 


8000  tan  ^  “  T  i 

\  (3.13) 


To  simplify  equation  (3.13)  set 


Tg  -  =  ATg  , 

T  “  T  =  AT,  ,  and 
“1  o  ~  1 

’^2-  ^^f  • 


To  get  that 


e  +  .  125 

AT^  =  - -  AT^  + 


a  _ 2  -  AT  -  •  (3.14) 

i  ■*■  8000  tan  0  AT^  2  8000 


on  substituting  in  equation  (3.14)  the  actually  used  values  for  e,  a,  and 
0,  equation  (3.14)  becomes 

,  /'ATrt  \  -4 

a,  =  3.89  AT,  9.  3.43  *  -  AT,  -  7.30  *  10  .  (3.15) 

Equation  (3  15)  is  the  third  kind  of  firing  time  equation  that  holds 
eSSly  for  a  hypothetical  eg  line  charge  that  hits  the  ogive  of  an 

attacking  round. 

fS)  If  it  is  desired  that  the  line  charge  fragments  intercept 
aLag VlLll.  at,  aa.  10  in.  (0.83  «>  Oaa.  oi  to.  og».,  “ 
time  delay  must  be  added  to  AT^  in  equation  (3.15).  This  additional 

time  delay  will  be 


0 .8333  _  Q  g33  Q  sec. 
V  1 

m 


(3.16) 
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(S)  For  the  special  case  of  0=0, 
equation  (3.15)  to  yield 

AT^  =  4.71  AT^  +  3.43  x  lo"”^ 


equation  (3.16)  combines  with 

^^2  -4 

-  AT„  -  7.50  X  10  sec  (3.17) 
AT,  2 


It  is  this  firing  time  equation  that  has  actually  been  employed  in  the 
working  system. 


3.4  Charge  Selection  Equation 

(C)  Since  the  two  lines  of  charges  are  only  0.25  ft  apart,  it  is 
permissible  to  set  up  the  charge  selection  equation  for  X  (rather  than 
separately  for  the  X  line  and  the  X^  line).  It  is  therefore  re¬ 
quired  to  determine  the  point  X,  Y.  The  actual  charge  whose  center  lies 
nearest  this  point  will  be  selected  by  the  computer.  Thus, 


e  -f  0.125  +  a 
a 


The  coordinate  Y  of  the  charge  to  be  fired  is  obtained  by  solving  for  Y: 

Y  =  Y  +  (y  Y  )  ,  (3.18) 

o  a  1  o 

(C)  The  equation  given  above,  which  is  based  on  the  analytical  method, 
has  not  been  used  for  the  design  of  the  charge-selecting  computer;  it 
has  only  been  introduced  for  the  sake  of  completeness,  that  is,  full 
utilization  of  the  previous  equations.  In  the  experimental  system 
actually  built,  a  geographic  approach  has  been  employed  (section  9). 

3.5  Error  Analysis 

(S)  The  successful  defeat  of  an  attacking  missile  will  depend  on  the 
correct  computation  of  two  distinct  quantities.  These  are: 

(a)  Selecting  the  proper  defending  charge,  and 

(b)  Computing  the  required  firing  time  of  that  charge. 

Objective  (a)  is  accomplished  by  measuring  (figure  3-1)  Yq  etc.,  and 
0;  for  objective  (b)  we  require  to  know  the  velocity  V  ,  height  h, 
time  tg,  etc.  The  inherent  errors  in  measuring  Yq  and  0  are  due 
to  the  quantized  nature  of  the  detection  fence.  As  each  fence  approaches 
the  ideal  case  of  a  continuum  of  infinitesimally  narrow  quasi-parallel  pickets 
very  close  together,  these  errors  approach  zero.  The  quantities  V^,  h,  and 
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subject  to  a  random  but  small  geometrical  error  that  arises 
from  the  non-continuum  nature  of  each  fence*  Representing  the  worst 
ogive  by  a  simple  30-deg  cone  with  rounded  point,  (figure  3.2),  the  in¬ 
stant  of  fence  intercept  will  be  different  for  the  case  of  the  line  of 
attack,  P  ,  directed  in  the  space  between  adjacent  pickets  and  the 
case  of  head-on  intercept.  The  principal  ogive  shapes  likely  to  occur 
are  flat  (blunt)  nose,  pointed  nose,  or  spherical.  The  penetration  er¬ 
ror  is  zero  for  all  of  these  except  the  rounded-point  30-deg  cone  as 
shown  in  figure  3-2.  This  case  is  discussed  below. 

3.5.1  Vm-Error  Pup  to  Random  Fence  Penetration 


(C)  Vn,  is  measured  by  the  time  interval  tj^  -  t^.  An  error  in 

Vjj,  will  arise  only  when  fences  A  and  B  are  penetrated  differently.  Thus 
when  both  fences  are  penetrated  between  centers,  say,  the  error  in 
cancels  out.  The  maximum  error  otherwise  in  is  x  100  percent  = 
1.7  percent  for  the  worst  possible  case. 

3.5.2  h-Error  Due  to  Random  Fence  Penetration 


(C)  The  argument  is  identical  to  the  one  for  Vjn  except  that 

fences  B  and  C  Are  employed.  The  percent  error,  however,  is  different 
varying  in  this  case  from  a  maximum  of  3.4  percent  (h  =  1.5  ft)  to  a 
minimum  of  0.9  percent  (h  =  5.08  ft). 

3.5.3  Tp-Error  due  to  Random  Fence  Penetration 

0  2  /12 

(C)  From  figure  3-2  this  error  in  t_  =  A  t  =  — - sec  = 

o  o  V 

0  017  ^ 

—A -  sec  (max) .  The  other,  more  important  error  under  objective  (b) 

is”^self-imposed.  This  occurs  when,  in  the  interest  of  simplification, 
we  imagine  that  the  2  rows  of  charges,  X3  and  X4  _in  figure  3-1,  are 
replaced  by  a  center-of-gravity  line  of  charges,  X  in  figure  3-1, 
and  when  the  firing  time  is_computed  on  the  assumption  that  the  computer- 
selected  charge  lies  along  X.  In  the  sequel,  this  will  be  referred  to 
as  the  eg  error. 

(C)  The  concept  of  required  firing  time  needs  some  additional 

discussion.  In  general,  it  is  insufficient  merely  to  hit  an  incoming 
missile  any  where  along  its  length.  Each  potential  target  will  have  a 
different  caliber,  length,  and  area  of  maximum  vulnerability.  A  suc¬ 
cessful  system  should  be  capable  of  making  additional  decisions  on  which 
portion  of  a  given  target  is  probably  most  vulnerable  to  line-charge  at¬ 
tack.  A  study  made  of  likely  antitank  missiles  suggests  that  the  incom¬ 
ing  target  be  hit  at  a  given  (compromised)  percentage  of  its  own  length 
back  of  the  nose.  This  adds,  in  addition  to  the  stated  detection 
parameters,  a  length  and  cosine  measurement  of  the  attacking  object. 

This  may  be  readily  accomplished  by  measuring  the  duration  of  signal  T 
in  any  one  fence,  as  shown  in  section  9.4. 
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(0)  ■J'ltius  length  =  L  =  In  addition  to  a  knowledge  of 

’/  ,  h,  and  under  objective  h,  there  should,  therefore,  be  added  a 
knowledge  of  T  . 

3 „ 5 , 4  Error  Analysis  of  Charge  SelecHon 

(C)  From  figure  3-1,  it  is  noted  that  the  error  in  the  appropriate 
charge  selection  may  be  defined  in  terms  of  the  additive  errors  in 
either  the  set  It  0  or  in  the  set  of  2^  and  Yi„  I’he  latter 

methoid  is  chosen  for  convenience. 

iC'l  Figure  3-3  Indioa'es  a  short  cross  section  of  fence  A  (or  fence  B) 
as  it  appears  to  an  approaching  missile^  Figure  3-4  is  an  enlarged 
section  of  a  missile  intercept  with  fences  A  and  B«  The  true  and  appar¬ 
ent  attack  paths  are,  in  general,  different  because  of  the  quantized 
nature  cf  each  fence.  Figure  3-6  (to  a  reduced  size)  indicates  the  re¬ 
sultant  error  In  charge  selection.  It  is  assumed  that  each  square  de¬ 
tection  picket  has  uniform  sensitivity  over  its  cross  section  and  zero 
sensitivity  anywhere  else. 

Let 


0  Attack  angle  (angle  between  attack  path  and  normal  to  the 
fence!  , 

-  Pickets  center-to-center  spacing, 

r  Effective  picket  radius, 

c  =  Caliter  (diameter)  of  attacking  round, 

n  i-  The  number  of  alerted  pickets  in  a  fence  (tangential  or 
grazing  attack  is  considered  a  full  intercept), 

Q  =  Total  amriguiiv  in  attack  attitude  (  l.e.  ambiguity  in  Y 
and  given  n,  b,  c,  r,  0, 

b'=-  b  cos  0  -  effective  picket  spacing  at  an  attack  angle  0, 
j'  -  correct  charge  coordinate, 

:  -  error  in  charge  coordinate.. 

For  an  a+tack  angle  of  0  (figure  3‘2>,  the  picket  radius  DE  is 

DE  DF  cos  (45°  -  0), 

cr  DE  —  .8351  cos  (45°  -  0),  (3. 


If  the  pickets  were  round  (dotted  circle)  In  figure  3-3  the  attack  cross- 
section  radius  s  0.5906  in,  always.  However,  the  corners  of  the  square 
pickets  are  relatively  ineffective  in  producing  a  missile  intercept.  The 
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Figure  3-4.  Ambiguity  in  attack  angle 


Figure  3-5.  Charge  selection  error 
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quantify  'effective  picket  radius  r,  will  be  defined  by 


r 


PF  4-  .5906 
2 


j 


(3.20) 


as  a  working  compromise. 

(C)  “rbe  attack  attitude  shall  be  defined  as  the  relative  dis¬ 

placement  of  the  attack  path  along  the  line  joining  picket  centers  in 
any  one  fence.  It  may  be  measured  as  the  distance  between  Y  and 
the  nearest  packet  center  in  fence  A,  or  as  the  distance  between  Yp  and 
the  nearest  picket  center  in  fence  B„  Considering  any  particular 
picket  in  figure  3-3,  the  attack  gttitude  (at  9=0)  ranges  from  a  max¬ 
imum  of  4  -g  to  a  minimum  of  - 

b 

/€>  Hence  Q(ma3!:J  =  2  (— )  =  b;  at  any  other  9,  Q  max  =  b'.  To 

determine  AY,  it  is  first  necessary  to  define  the  function  Q  in  terms 
of  n,  C,  b, and  r.  From  figure  3-5,  it  is  evident  that 


“i  .  ^  „  AY  *  4,^8  Q 

6  max 


52.5 


Simple  ‘•rlgoncmetry  yields  A9  in  terms  of  Q,  viz. 


(3.21) 


,  Q  cos  &J.2  ,  Q  cos^  9 

A®  =  arctan  — rv - =  arctan  - rr - 

-  6/cos  9  12 


max 


(3.22) 


Figure  3-4  shews  an  enlarged  portion  of  figure  3-5  for  greater  clarity.. 
3  541  Special  Case  of  Normal  Attack  (9  =  0°) 


(U.)  Zero  pickets  alerted  is  operationally  uninteresting 

since  this  implies  a  caliber  less  .than  b-2r,  A  minimum  requirement  is, 
theref'rfpfe, 


c  >  (b  “  2r)  for  n  >  1 


(3.23) 


To  determine  Q  under  all  operational  conditions,  it  is  necessary  to  fix 
n*  and  examine  what  conditions  must  then  be  imposed  on  c,  b,  and  r.  Upon 
examination  of  figure  3-3,  the  tabulation  given  below  results. 


*  i»e.,  a  particular  subset  n  out  of  the  entire  array  of  pickets  is 
chosen,  e.g.,  if  n  =  3,  the  6th,  7th,  and  8th  pickets  might  have  been 
selected.  Since  the  computing  system  can  distinguish,  say,  picket  4  from 
picket  5  (for  n  =  1)  there  is  no  loss  in  ge|^rality  in  selecting  a  partic¬ 
ular-subset. 
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1  46 

through  5 
4.13 


Applicable 

constraint 


b  -  2r  <  C  <  2b  -  2r 

Impossible;  since  C  >  2b“2r 

Impossible 

Impossible 

Impossible 


b  -  2r  <  C  <  2b  -  2r 
2b  -  2r  <  C  <  3b  -  2r 
2b  -  2r  <  C  <  3b  -  2r 
Impossible 
Impossible 
Impossible 

2b  -  2r  <  C  <  3b  -  2r 
2b  “  2r  <  C  <  3b  -  2r 
3b  -  2r  <  C  <  4b  -  2r 
3b  -  2r  <  C  <  4b  -  2r 


Impossible 

Impossible 

Impossible 

3b  *  2r  <  C  <  4b  -  2r 
3b  -  2r  <  C  <  4b  -  2r 


Impossible 


(n”l)b-2^<  C  <  [nb  -  2r| 
nb  -  2rj<  C  <  |(n+l)b-2r] 
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(2b  -  2r)  -  C 


C  -  (b  -  2r) 
(3b  -  2r)  -  C 
(3b  -  2r)  -  C 


C  -  (2b  -  2r) 
C  -  (2b  -  2r) 
(4b  ~  2r)  -  C 
(4b  -  2r)  -  C 


C  ~  (3b  -  2r) 
C  -  (3b  -  2r) 


C-  [(n-l)b-2:^  (3.24) 

[(n±l)b-2:^  -  C 
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From  ihe  p.-rCfCedlng  discussion;  it  is  evident  that 
for  any  prei-crlred  number  of  pickets  alerted  a  maximum  and  a  minim'ura  cal- 
I'fcer  ex.i3fc.  To  alert  o  and  only  3  pickets  requires  at  least  that 


[2b  -  2r 


<  C  < 


[db  “  2r] 


(3.25) 


Although  equation  (3„25>  is  a  necessary  condition;  it  is  not  a  ,suff J,cifmt 
one  since,  for  this  caliber  range,  it  is  apparent  that  a  4-picket  inter- 
cept  may  occur  for  certain  attack  attitudes.  This  arises  from  the  over¬ 
lapping  requirements  for  adjacent  values  of  n  which  again  depend  on  the 
ptarticular  values  assigned  to  r  and  h,  i.e.;  on  the  quantized  nature  of 
the  fence.  Per  any  specific  value  of  n  choserq  there  will  exist  two  at¬ 
tack  ambiguity  equations  (expression  for  Q)  and  two  corresponding  condi¬ 
tions  on  the  caliber  as  given  by  equation  (3.24).  ‘Phe  tabulation  pro¬ 
vides  a  value  for  the  function.  Q  (ease  of  0  =;  <P)  for  all  enumerable 
cases  for  the  5  typical  antitank  missile  cali.bers  chosen.  Applying  equa¬ 
tion  (3.21)  (section  3.54)  yields  the  final  maximum  error  in  charge  selec¬ 
tion  py .. 

. 2  Case  for  0  4^  0° 

(P)  Equation  (3.24)  is  still  valid  if  b  is  replaced  by 

b’  in  the  general  case.  As  8  increases  from  0  deg;  the  pickets  crowd 
together  more  and  then  overlap.  The  results  cf  the  detailed  calculations 
that  fellow  have  assumed  the  T^erst  possible  conditions;  that  iS;  where 
the  errors  in  attack  attitude  in  fence  A  and  fence  B  are  additive;  a,s 
seen  in  figure  3-4.  Table  3-4  gives  numerical  values  for  AY  for 
the  5  arbitrarily  chosen  calibers  over  10  deg  steps  in  0  (from^  a  0°  to 
0  a  60*^)  and  covering  all  allowable  values  of  n.  All  missing  values  of 
n  are  physically  imrealizahie..  The  data  in  f.able  3-S  may  be  plotted  in 
several  ways  since  the  erre-r  value  Is  given  as  a  function  of  c, 

n,  and  0.  In  figure  3-=6  tihe  greatest  ^lue  of  is  plotted  versus 

0  for  various  calibers ;  where  for  each  plotted  point  that  particular 
value  of  n  is  chosen  that  yields  the  largest  Yj^g^;)..  It  must  be  under¬ 
stood  that  the  Yjjja-i  values  listed  in  table  3-1  assume  all  allowable 
values  of  r,  n,  and  0.  ■'‘hus  for  37-inra  caliber  at  0  -  0^;  a  2-picket 
intercept  (n  =  2)  yields  a  larger  value  (AYjjjax  -  5.'3  in.)  than  for  a 
1-picket  intercept  (AY^ax  •'  0-36  in,,).  Figure  3-^  shows  what  absolute 
mac'iraum  errors  may  be  expected  without  regard  to  statistical  probability. 

The  x-oDii'U*'ed  points  (every  10  deg)  have  been  arbitrarily  connected  in  a 
smooth  curve.  Another  more  useful  function  to  plot  is  AYj^ax^  wET.ifi 
is  defined  as  the  error  averaged  over  all  n  when  both  C  and  0  are 
specified.  From  table  3-1 ;  at  ©  :^  30  deg,  C  =  57  ram  (for  example)  there 
are  2  distinct  values  for  AY;  a  2-plcket  alert  yield, s  AY  =  0.31  in.j 
a  3-picket  alert  yields  AY  -  5.07  in.  In  the  absence  of  any  a  priori 
knowledge  ,as  to  whether  a  2-pick6t  Intercept  may  be  more  or  less  probable 
than  a  3-plcket  intercept  set 

AY  =  2  gg  (3.26) 
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Table  3.1  Computed  Maximum  Errors  in  Charge  Selection  (M)* 


Caliber 

(mm) 

n 

0 

deg 

^®(max) 

deg 

'^^(max) 

in. 

Caliber 

(mm) 

n 

0 

deg 

A9, 

(max) 

deg 

^^(max) 
in  B 

37 

1 

0 

1.05 

0.96 

75 

4 

30 

2.33 

2.84 

37 

2 

0 

5.7 

5.30 

90 

4 

30 

4.41 

5,38 

57 

2 

0 

4.1 

3,76 

105 

4 

30 

2.37 

2.89 

75 

2 

0 

0.67 

0.61 

105 

5 

30 

2.08 

2.54 

57 

3 

0 

2.67 

2.45 

75 

3 

0 

6.08 

5.60 

37 

2 

40 

1.12 

1.75 

90 

3 

0 

4.73 

4.33 

37 

3 

40 

1.93 

3.02 

105 

3 

0 

1.91 

1.75 

57 

3 

40 

1,99 

3.10 

90 

4 

0 

2.10 

1.92 

57 

4 

40 

1.07 

1.66 

105 

4 

0 

4.92 

4,51 

75 

4 

40 

3.06 

4.77 

90 

4 

40 

1.43 

2.23 

37 

1 

10 

0.29 

0.35 

75 

5 

40 

0,29 

0.04 

37 

2 

10 

1.53 

6,04 

90 

■  5 

40 

1,65 

2.58 

57 

2 

10 

3  25 

3.06 

105 

5 

40 

2.83 

4.42 

57 

3 

10 

3.25 

3.06 

105 

6 

40 

0.22 

0.31 

75 

3 

10 

6.40 

6.08 

! 

90 

3 

10 

3.76 

3.54 

37 

3 

50 

1.56 

3,46 

105 

3 

10 

1.02 

0.96 

57 

3 

50 

0.02 

0,04 

75 

4 

10 

0.09 

0.09 

37 

4 

50 

0.26 

0.57 

90 

4 

10 

2.78 

2.62 

57 

4 

50 

1.79 

3.98 

105 

4 

10 

5.50 

5.20 

1  75 

4 

50 

0.41 

0.92 

75 

5 

50 

1.40 

3.11 

37 

2 

20 

5.16 

5.33 

90 

5 

50 

1.08 

2.41 

57 

2 

20 

1.85 

1.92 

90 

6 

50 

0.73 

1.62 

37 

3 

20 

0,51 

0.53 

105 

6 

50 

1.71 

3.81 

57 

3 

20 

3.8 

3.93 

105 

7 

50 

0.08 

0,18 

75 

3 

20 

4.47 

4.63 

90 

3 

20 

2.02 

2.10  i 

37 

3 

60 

^0 

>^o 

75 

4 

20 

1.18 

1.22  i 

37 

4 

60 

0 

90 

4 

20 

3.63 

3.76 

37 

5 

60 

0 

~o 

105 

4 

20 

5.19 

5.38 

57 

5 

60 

0.77 

2.84 

105 

5 

20 

0.46 

0.48 

57 

6 

60 

0.09 

0.31 

75 

6 

60 

0.76 

2.80 

37 

2 

30 

3.05 

3.72 

90 

6 

60 

0.07 

0.26 

57 

2 

30 

0.25 

0.31 

75 

7 

60 

0.09 

0.31 

37 

3 

30 

1.36 

1.66 

90 

7 

60 

0.77 

2,84 

57 

3 

30 

4.16 

5.07 

105 

7 

60 

0.21 

0.79 

75 

3 

30 

2.12 

2.58 

105 

S 

SO 

0.63 

2,32 

90 

3 

30 

0  .03 

0.04 

*  Assuming,  (a)  the  lethally  acceptable  calibers  are  arbitrarily  chosen 
to  be  37,  57,  75,  90,  and  105  mm,  and  (b)  the  attack  angle  0  ranges  from 
0  deg  to  50  deg  in  10-deg  steps.  All  unlisted  combinations  of  caliber, 
0,  and  n  are  physically  unrealizable. 
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Figure  3-6. 


Maximum  charge  coordinate  error  (AY 
attack  angle  0  (for  calibers  shown?“ 


68 


SECRET 


SECRET 


(U)  Figure  3-7  has  been  constructed  in  this  manner  and  yields 

the  interesting  result  that  AY  is  independent  of  caliber;  i.e.^  the  family 
of  curves  of  figure  3-6  shrinks  into  a  single  curve.  Another  interesting 
result  is  that  only  2  different  values  for  n  exist  for  any  given  C  and  0 
combination.  'This  result  was  predictable  from  the  double  set  of  equations 
(3.24).  Inspection  of  the  computed  points  in  figure  3-7  shows  that  AY 
vari-ee  as  cos  0.  In  fact, 


AY  =  3.12  cos  0  . 


(3.27) 


This  is  consistent  with  the  requirement  that  when  the  pickets  move  infin¬ 
itely  close  together  (effective  picket  separation  =  0  at  0  =  90°),  AY 
approaches  zero . 

(S)  From  the  data  of  figure  3-7,  it  is  reasonable  to  require 

that  on  the  average  each  individual  line  charge  of  10  in.  nominal  length 
should  have  additional  end  coverages  of  about  3  in.,  making  for  an  effec¬ 
tive  length  of  16  in.  If  this  additional  coverage  is  achieved  by  shaping 
the  fragmentation  pattern  into  a  fan-shaped  beam  (along  the  direction  of 
a  fence),  the  effective  length  of  coverage  will  now  be  a  function  of  h, 
the  height  of  the  attack.  Hence  the  only  reliable  solution  would  be  an 
array  of  16  in.  long  line  charges  with  3  in.  overlap  and  with  a  parallel 
fragmentation  pattern.  If  the  requirement  is  for  100  percent  reliability 
under  the  worst  possible  conditions,  it  is  apparent  (from  figure  3-6)  that 
the  overlap  of  adjacent  charges  should  equal  6.1  in,  (case  of  75-mm  cali¬ 
ber  at  10  deg)  . 

(S)  The  significant  factor  in  the  foregoing  discussion  is  not 

the  length  of  the  charge  but  the  overlapping  lethal  coverage  of  adjacent 
charges.  If,  however,  a  physical  overlap  arrangement  is  unfeasible  (due 
to  sympathetic  detonation)  and  100  percent  reliability  is  required,  it  may 
be  achieved  by  directing  the. system  to  detonate  the  computed  charge  in  ad¬ 
dition  to  its  nearest-neighbor  charges.  In  this  case  it  is  only  necessary 
that  the  length  of  the  individual  line  charge  be  at  leasrt  as  great  as  the 
maximum  charge  coordinate  error.  In  conclusion,  if  this  average  error 
AY  ^  3.12  in.,  each  line  charge  should  ^  3.3  in,  in  length  retaining 
the  net  explosive  length  of  10  in.  Highly  important  as  this  considera¬ 
tion  is,  lack  of  time  and  funds  has  prevented  its  incorporation  in  the 
experimental  systemr, 

3.5.5  Error  Analysis  of  CG  Firing  Time  Approximation 


(C)  Equations  (3.9),  (3,11),  and  (3.13)  of  section  3.3  give  the 

exact  required  firing  times  in  terms  of  known  constants  and  computer-meas¬ 
ured  time  intervals.  An  analysis  is  now  presented  of  the  expected  firing 
time  errors  if  only  equation  (3.13)  for  T^  is  used*  without  regard  as  to 

*i.e.,  one  averaged  firing-time  computer  is  needed  instead  of  two  exact 
firing-time  computers . 
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whether  the  correctly  chosen  charge  be  of  the  X  type  or  the  type. 

The  resultant  array  of  firing  time  errors  will  then  be  expressed  in  terms 
of  an  array  of  impact  point  errors  subject  to  the  parameters  of  missile 
velocity,  and  attack  angle  0  in  10-deg  steps  from  0  =  0  to  0  =  60  . 

Define, 

Kg  =  timing  error  incurred  when  an  Xg  charge  is  fired, 

=  timing  error  incurred  when  an  X^  charge  is  fired, 

L  =  missile  impact  point  error  associated  with  K  ,  and 

O  O 


L  =  missile  impact  point  error  associated  with  K. 


Thus, 


^3  =  "^f  -  '>’f3 

^4  =  ^f  -  '^f4  • 

From  equations  (12a)  (section  3.3) 

_  +  -125  _  .417 

^3  "  V  cos  0  8000 

m 

-  .125  .417 

^4  “  V  cos  0  8000 

m 


(3.28) 

(3.29) 

(3.30) 

(3.31) 


From  the  definition  of  Lg  and  L^, 

L  =  12  K  V  (in, 
3  3  m 


12  K^  V  (in.) 
4  m 


+1.5 

—  Bt  ne;  •y- 

lO’^ 

V 

fO  QON 

cos  0 

V 

m 

-1,5 

4.  Q  v 

10'^ 

f  O  *30  \ 

~  cos  0 

•+'  X 

V 

m 

(U)  The  factor  of  12  gives  the  resultant  error  in  inches.  Table 

3-2  gives  the  results  of  a  numerical  calculation  of  Kg  (psec)  and  Lg  (in.) 
for  missile  velocities  (V  )  from  200  to  4000  fps  in  about  500  fps  steps 
and  for  0  from  0  deg  to  60  deg  in  10~deg  steps.  Since  Kg  =  -K^,  Lg  =  -L^, 
only  Kg  and  Lg  have  been  computed  (for  a  T^g 'correct' firing  time).  Figure 
3-8  is  a  plot  of  the  numbers  in  table  3-2. 
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Figure  3-8.  L  (impact  error  in  inches) 
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Table  3.2.  Impact  Error  B  as  a  Function  of  and  9 


9 

deg 

m 

fps 

K3 

|isec 

^3 

in,. 

9 

deg 

fps 

K3 

jisec 

tn. 

9 

deg 

Vm 

fps 

K3 

[isec 

^3 

in. 

0 

4000 

+18.3 

+  a9 

20 

2500 

-  4 

-  .1 

40 

1000 

-113 

-1.4 

3500 

+13.8 

+  .6 

2000 

-17 

-  ,4 

750 

-168 

-1.5 

3000 

+  8 

+  .3 

1500 

-39 

-  .7 

500 

-277 

-1.7 

2500 

0 

0 

1000 

-83  . 

?.-1.0 

200 

-766 

-1.8 

2000 

-13 

-  .3 

750 

-128 

-1.15 

50 

4000 

+  1 

+  .05 

1500 

-34 

-  .6 

500 

-217 

-1.3 

3500 

-  6 

-  .25 

1000 

-75 

-  .9 

200 

-616 

-1.5 

3000 

-1.6 

-  .55 

750 

-117 

-1.05 

30 

4000 

+13.5 

+  .65 

2500 

-  28 

-  .8 

500 

-200 

-1.2 

3500 

+  8 

+  .35 

2000 

-48 

-1.1 

200 

-575 

-1.4 

1 

3000 

+  2 

+  .06 

1500 

-80 

-1.4 

10 

4000 

+18 

+  .9 

2500 

-  8 

-  .2 

1000 

-144 

-1.7 

3500 

+13 

+  .6 

2000 

-23 

-  .5 

750 

-209 

-1.9 

3000 

+7.5 

+  .3 

1500 

-47 

-  .8 

500 

-338 

-2.0 

2500 

0 

0 

1000 

-94 

-1.1 

200 

-920 

-2.2 

2000 

-14 

-  .3 

750 

-142 

-1.3 

60 

4000 

-13 

-  .6 

1500 

-35 

-  .6  j 

500 

-238 

-1.4 

3500 

-22 

-  .9 

1000 

-77 

-  .9 

200 

-670 

-1.6 

3000 

-34 

-1.2 

750 

-119 

-1.1 

40 

4000 

+  9 

+  .4 

2500 

-50 

-1.5 

500 

-204 

-1.2 

3500 

+  3 

+  .1 

2000 

-75 

-1.8 

200 

-583 

-1.4 

3000 

-  5 

-  .2 

1500 

-117 

-2.1 

20 

4000 

+16 

+  .8 

2500 

-16 

-  .5 

1000 

-200 

-2.4 

3500 

+11 

+  .5 

2000 

-32 

-  .8 

750 

-283 

-2.6 

3000 

+  5 

+  .2 

1500 

-59 

-1.1 

500 

-450 

-2.7 

200 

-1200 

-2.9 
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4.  OPTICAL  DETECTION  ELEMENTS 


H.  W.  Straub,  J.  Arthaber 


4.1  Design  of  Reflector 

(S)  The  first  experiments  that  proved  that  it  was  indeed  possible  to 
obtain  from  fast-moving  shell  signals  of  sufficient  strength  to  operate 
a  computer  were  made  with  50-mm  diameter  parabolic  reflectors  taken 
from  commercial  flashlights.  The  distribution  of  sensitivity  across 
the  beam  at  a  7-ft  I'ange,  as  measur.’d  by  a  recording  method  specially 
developed  for  this  purpose,*  is  shown  in  figure  4-1.  This  type  reflec¬ 
tor  was  still  used  in  the  first  two-fence,  velocity-only  equipment  (sec¬ 
tion  5.1)  which  was  built  to  test  the  computer  for  determining  the  firing 
time  of  the  defending  charge  as  a  function  of  the  shell  velocity  alone 
(section  6).  It  was  also  used  in  two  identical  equipments  constructed 
for  the  same  purpose  and  supplied  to  Feltman  Research  and  Engineering  Lab¬ 
oratory,  Picatinny  Arsenal,  and  to  Ballistics  Research  Laboratories, 
Aberdeen  Proving  Ground,  to  serve  as  timing  tools  for  the  defending-charge 
work  done  at  these  installations. 


(U)  However,  it  was  realized  in  the  very  earliest  stages  that  both  defin¬ 
ition  and  parallelism  of  beams  from  f lasblight-type  reflectors  were  en¬ 
tirely  inadequate  for  the  system  accuracy  required  (section  3,2).  In  the 
process  of  designing  an  improved  reflector,  a  novel  optical  concept  has 
evolved.  It  has  been  termed  the  quasi-parallel  light  principle  because  it 
shows  a  way  of  producing  beams  only  the  boundary  lines  of  which  are  par¬ 
allel  and  only  out  to  a  given  distance.** 


(U)  Three  sets  of  three  reflectors,  each  set  employing  a  different  design 
detail,  but  having  the  same  diameter,  50  mm,  as  the  flashlight  reflectors 
initially  used,  and  a  7-ft  length  of  the  quasi-parallel  detection  pattern, 
were  obtained  from  three  contractors?**  Laboratory  measurements  and  actual 
firings  verified  the  computed  sharpness  of  the  pattern.  However,  it  also 
turned  out  that  the  sensitivity  was  higher  than  necessary  for  daytime  use, 
meaning  that  the  cross  section  could  be  reduced,  which,  in  turn,  improved 
the  sensing  accuracy. 


(C)  Furthsrfield  testsand  the  system  analysis  (section  2.2.6)  resulted 
in  the  additional  requirement  that,  in  the  detection  subfences  (section 
5.2),  the  leading,  as  well  as  the  trailing,  edge  of  the  over-all  sensi¬ 
tivity  pattern  should  be  straight  lines  rather  than  portions  of  circles 
and  that  the  individual  elements  forming  a  fence  should  be  packed  as  closely 
as  possible* 

*  DOFL  Report  TR-641,  "Electronic  Focus  and  Detection  Pattern  Indicator," 
by  J.  M.  Arthaber,  30  September  1958 


**  DOFL  Report  TR754,  "The  Quasi-Parallel  Light  Principle;  Hollow-Conical, 
Flat  or  Tubular  Radiation  or  Detection  Patterns,"  by  H.  W.  Straub,  J.  M. 
Arthaber,  W.  J.  Moore,  13  January  1960. 

***American  Optical  Co.,  Bausch  &  Lomb  Optical  Co.,  Eastman  Kodak  Co. 
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Figure  4-1.  Distribution  of  sensi-  Figure  4-3.  Distribution  of  sensi¬ 
tivity  flash-light  reflector  tivity  reflector  of  figure  4-2. 

Distribution  of  sensitivity  at  7  ft 
1  horizontal  division  =  2.5  cm 
Vertical  deflections  normalized 


BACK  VIEW 


FRONT  VIEW 


Figure  4-2 . 


Solid-glass,  square  cross-section  reflector 
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(C)  In  consequence,  a  square  cross-section  reflector*  of  solid  glass  with 
sides  30  nun  in  length,  employing  the  folded-beam  technique,  and  maintaining 
quasi-parallelism  out  to  a  distance  of  7  ft,  was  designed  and  manufactured.** 
Figure  4-2  shows  the  design.  Because  of  the  design  parameters,  the  dimen¬ 
sions  of  the  hole  in  the  mirror  surface  over  which  the  photodetector  was 
cemented  had  to  be  0.6  x  0.6  mm. 

(U)  In  figure  4-3  the  distribution  of  sensitivity  across  the  beam  at  the 
7-ft  range  is  shown.  The  improvement  in  sharpness  over  that  in  figure  4-1 
is  obvious.*** 

(U)  This  type  of  reflector  was  intended  for  use  in  the  hardware  that  was 
to  be  constructed  for  the  feasibility  test.  It  has  been  used  successfully 
in  the  3-fence  experimental  equipment  described  in  section  5. 

(C)  It  should  be  kept  in  mind  that  the  30-mm  square  cross  section  is  a 
compromise  between  two  conflicting  requirements,  namely,  that  of  high  sensi¬ 
tivity,  calling  for  a  large-area  reflector,  and  that  of  high  system  accuracy, 
calling  for  as  many  as  possible  small  reflectors  packed  as  closely  as  possi¬ 
ble. 

4.2  Selection  of  Photocell  Tyi>e 

(U)  Lead  sulphide  (PbS)  photocells  suggested  themselves  as  detectors  for 
application  in  the  detection  units  of  the  Dash-Dot  system  because  of  the 
following  properties.  They  have  a  responsivity  that  is  high  in  the  near 
infrared  and  fair  in  the  visible  region  of  the  optical  spectrum.  They  lend 
themselves  to  manufactxire  in  small  sizes,  as  required  in  this  project,  and 
their  geometrical  efficiency  (ratio  of  sensitive  area  to  front  surface  of 
cell  assembly)  recommends  their  incorporation  into  the  present  optical  sys¬ 
tem.  Also,  they  are  rugged,  nonmicrophonic,  insensitive  to  vibration  and 
mechanical  shock,  and  can  stand  temperatures  up  to  100  deg  C. 

(U)  In  order  to  cover  the  hole  for  the  detector  in  the  reflector  shown  in 
figure  4-2,  the  dimensions  of  the  PbS  cells  used  were  chosen  to  be  0.8  x  0.8 
mm. 


(U)  The  small  time  constant  of  the  more  expensive  lead  selenide  photocells 
did  not  offer  an  effective  advantage  because  of  their  lower  responsivity. 
Lead  tellpride  photodetectors  were  not  readily  available.  Phototubes  and 
photomultipliers  were  rejected  because  of  their  relatively  large  size  and 
their  comparatively  poor  response  in  the  near  infrared  region. 


^  The  necessity  of  the  square  cross  section  was  first  pointed  out  by  co-auth¬ 
or  R.  j.  Paradis 
**  Bausch  &  Lomb  Optical  Co. 

**♦  The  structure  of  the  peak  of  the  trace  is  attributed  to  the  sensi¬ 
tivity  contour  of  the  detector  used. 
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(U)  It  was  evident  that  the  output  impedance  of  unmodified  PhS  cells 
(figure  4“”4)  was  too  high  to  pewnit  matching  it  with  the  input  impedance 
of  the  transistor  circuitry  connected  with  it.  The  difficulty  was  re-i 
solved  by  the  so“called  grid  design  of  the  cell  electrodes  or  snake  de¬ 
sign  of  the  sensitive  area  (figure  4-5),  The  expansion  of  the  two 
electrodes  into  two  interleaving  comblike  patterns  results  in  a  snake¬ 
like  arrangement  of  the  sensitive  area^  which,  although  remaining  square 
in  its  over-all  shape,  now-  represents  a  long  and  narrow  strip  of  photo¬ 
sensitive  material  with. the  electrodes  connected  to  its  long  sides.  In 
this  manner,  a  reduction  of  cell  resistance  from  about  0.8  megohms  to 
15  k  ohms  was  achieved. 

(U)  To  determine  the  usability  of  different  photocells,  the  signal-to- 
noise  ratio  of  their  response  to  20-kc  square-wave  light  pulses  from  a 
neon  lamp  was  measured  and  their,  short-circuit  signal  current  computed 
(figure  4-6) .  These  average  data  are  given  for  sensitive  areas  of  1  x  1 
mm,  cell  power  dissipation  of  1  mw  and  total  radiation  intensity  of 
1  ^w/mm2. 

(U)  The  effect  of  changing  the  voltage  across  the  photocell  and  load 
resistor  was  investigated.  The  diagram  in  figure  4-7  shows  the  results 
of  such  a  test . 

(U)  Buring  field  testing,  the  suspicion  arose  that  the  steady  light  in¬ 
put  from  the  background  tended  to  severely  increase  the  photocell  noise. 
No  significant  effect  of  that  kind,  however,  was  observed  in  laboratory 
tests  in  the  range  between  80  cps  and  40  kc.  The  results  for  several 
samples  are  represented  in  the  diagram  in  figure  4-8.  The  illumination 
of  the  photocells  is  indicated  by  the  decrease  in  cell  resistance.  The 
load  resistance  was  equal  to  the  cell  dark  resistance.  In  the  optical 
systems  used,  this  resistance  drop  remained  below  30  percent,  depending 
upon  the  illumination. 
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Figure  4-6.  Average  characteristics  of  lead  sulphide  cells  tested 
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Figure  4-7.  Relation  between  power  dissipation  in  PbS  photocell  and 
Signal  voltage  and  signal-to-nolse  ratio  obtained 


Dark  Resistance 

Figure  4-8.  Change  of  cell  noise  with  illumination 
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5.  OPTICAL  DETECTION  EQUIPMENT 
R.  R.  Ulrich,  R.  J.  Paradis,  L.  Melamed 


5 . 1  Veloclty-Oiily  Detection  Unit 

(C)  Most  of  the  earlier  field  testing  of  the  computer  system  was  done 
with  a  computer  that  determined  the  firing  time  as  a  function  of  velocity 
only.  In  these  measurements  the  height  of  the  projectile  and  the  angle 
of  approach  were  preset.  Since  a  great  deal  of  useful  data  were  collected 
from  these  field  tests,  it  is  worthwhile  to  give  some  attention  to  the 
detecting  unit  involved.  The  velocity-only  detection  unit  is  shown  in 
figure  5-1.  It  consists  of  two  detection  regions  spaced  exactly  1  ft 
apart.  Each  detection  region  originates  from  a  series  of  four  parabolic 
flashlight  reflectors  with  a  PbS  cell  mounted  at  the  focal  point  of  each- 
reflector.  Two  aluminum  baffle  boxes  with  a  1-in.  wide  slot  are  located 
over  the  reflectors.  The  baffles  prevent  sunlight  from  striking  the  detec¬ 
tors,  and  they  also  sharpen  the  boundaries  of  the  detection  region.  The 
unit  shown  is  hermetically  sealed  and  pressurized  to  prevent  atmospheric 
humidity  from  affecting  the  PbS  cells  and  is  equipped  with  safety  glass 
windows . 

(S)  Two  units  of  the  described  type  were  supplied  to  Picatinny  Arsenal 
and  Ballistics  Research  Laboratory,  Aberdeen  Proving  Grounds,  as  timing 
tools  for  their  work  on  the  defending  charges.  It  was  with  these  units 
that  shells  were  consistently  destroyed  in  flight. 

5.2  Subfence  Unit 


5.2.1  Description 


(C)  Tlie  basic  optical  element  that  fom.is  t’, detaccion  region 

for  the  investigations  described  an  i.his  report  is  tVie  square  reilictor 
described  in  section  4.1  and  shown  in  figure  4-2  A  series  of  £4  pickets 
arranged  in  a  line,  each  originating  in  one  of  these  reflectors,  forms  a 
complete  detection  fence.  The  construc+ion  of  the  fence  is  greatly  sim¬ 
plified  by  mounting  the  reflectors  in  units  comprising  only  3.  small  por¬ 
tion  of  the  fence.  These  subfence  units,  when  placed  end  to  end,  form  a 
complete  fence,  each  subfence  unit  serving  as  a  building  block  module 
This  arrangement  has  the  following  advantages; 

(a)  Defective  portions  of  the  fence  are  easily  replaced. 

(b)  The  optical  fence  structure  is  transportable, 

(c)  Closer  tolerances  can  be  held  in  the  construction  of  the 

fence , 

(d)  Alignment  procedures  are  simplified. 
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(C)  The  design  of  the  subfence  units  used  In  the  field  tests  was 

baaed  mainly  on  the  following  considerations: 

(a)  Positional  accuracy  of  the  detection  region, 

(b)  Ease  of  replacement  of  comx>onents. 

Little  or  no  regard  was  given  to  the  following; 

-■"(a)  Cost  of  units, 

(b)  Compactness  of  units, 

(c)  Methods  for  mass-producing  vmits. 

Figure  5-2  shows  an  optical  subfence „ 

5.2.2  Design  Specifications 

(U)  The  square  reflectors  are  spaced  so  that  the  distance  be¬ 

tween  the  centers  of  every  eighth  reflector  is  10  in.  <254  mm).  This 
results  in  a  spacing  of  36.28  mm  from  the  center  of  one  reflector  to 
the  center  of  the  adjacent  one  and  a  separation  of  5.28  mm  between  the 
edges  of  two  adjacent  detection  beams.  Tne  subfenee  unit,  vhieh  is  also 
10  in.  long,  bolds  seven  reflectors  (figure  5-2  and  5-3). 

(C)  The  maximum  tolerable  deviation  in  detection  picket  align¬ 

ment  was  set  at  ±  1/8  in.  at  7  ft  in  accordance  with  the  maximum  accept-  ' 
able  time  error  that  can  be  tolerated  in  the  computer  for  proper  func¬ 
tioning  (sectloit  2.2.6) . 

5.2.3  Special  Considerations 


(D)  The  square  reflector  consists  of  a  folded  optics  system  be¬ 

hind  which  the  detector  is  located.  Figure  5-4  illustrates  the  reflec¬ 
tor  optics  and  also  shows  a  region  in  front  of  the  reflector  through 
which  light  can  directly  strike  the  detector.  A  baffle  plate  as  shown  in 
position  A  will  prevent  direct  light  from  striking  the  detector.  However, 
light  could  reflect  off  the  baffle  wall  and  on  to  the  detector.  Actually, 
spurious  signals  were  obtained  on  sunny  days  as  the  shadow  of  a  projectile 
firod  over  the  subfence  units  crossed  the  baffle  walls.  ‘Ihls  effect  could 
be  greatly  reduced  and  often  eliminated  by  using  a  specially  designed  baf¬ 
fle.  A  cross-sectional  view  of  such  a  baffle  is  shown  in  position  3,  and 
it  can  be  seen  that  the  only  light  that  could  be  reflected  on  za  the  detec¬ 
tor  must  c<nae  frcnn  the  baffle  edges.  Each  subfence  unit  has  its  owh  light 
baffle  structure  between  each  reflector  as  shown  in  figure  5-5. 

5.2.4  Cell  Mounting 


(D)  An  important  but  tedious  task  in  the  assembly  of  a  subfence 

unit  is  the  mounting  of  the  detector  on  to  the  reflector.  A  low  impedance 
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Figure  5-2.  Arrangement  of  reflectors  in  subfence 
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0.8-mm  square,  lead  sulfide  cell  (section  4^2)  is  mounted  over  the  0.6-nun 
square  pinhole  in  the  back  of  the  reflector.  To  insure  correct  mounting 
■of  the  cells,  the  picket  detection  beams  were  investigated  by  a  method 
that  displays  the  detection  pattern  on  an  oscilloscope.* 

5 . 3  Mounting  Structure 


5.3.1  System  Layout 

(C)  The  optical  detection  layout  for  the  proposed  test  consists 

of  three  detection  fences  spaced  as  shown  in  figure  3-1. and  described  in 
section  3.2.  Each  fence  is  10  ft  long  and  consists  of  12  subfence  units 
placed  end  to  end.  There  are  84  pickets  in  each  fence. 

5.3.2  Z-Shaped  Structuye 


(C)  A  simplified,  experimental  mounting  structure  was  designed 

and  constructed  specifically  for  field  testing  the  computers.  The  struc¬ 
ture  consists  of  a  Z-shaped  platform  secured  on  a  rotatable  gun  mount  as 
shown  in  figure  5-6.  The  platform  supports  three  subfence  units,  each 
representing  a  portion  of  a  different  detection  fence.  Subfence  units 
A  and  C  can  be  moved  to  various  positions  along  the  arms  of  the  Z.  Unit 
B  is  in  a  fixed  position  with  its  center  located  directly  over  the  center 
of  rotation  of  the  gun  mount.  By  rotating  the  gun  mount  and  displacing 
units  A  and  C  in  the  appropriate  positions  on  the  arms,  all  angles  of  ap¬ 
proach  of  a  projectile  from  0  deg  to  55  deg  can  be  covered. 

(S)  For  a  0  deg  approach  of  a  projectile,  the  three  units  are 

located  directly  behind  each  other  along  the  central  member  of  the  Z- 
frarae,  and  unit  C  can  be  located  at  various  positions  along  this  member. 
By  changing  the  position  of  unit  C,  which  is  inclined  at  20  deg  with  unit 
B,  various  approach  altitudes  can  be  simulated. 

(U)  To  maintain  flatness  and  levelness  of  the  aluminum  alloy 

mounting  surface,  elaborate  heat  treatment  and  machining  procedures  were 
employed.  Three  months  after  final  machining,  the  surface  had  not  shown 
any  noticeable  distortion. 

5.4  Alignment  Methods 


5.4.1  Picket  Alignment 

(U)  The  alignment  of  the  individual  reflectors  in  a  subfence  was 

performed  to  an  accuracy  of  ±  1/8  in.  at  7  ft  from  the  reflectors  by  us¬ 
ing  the  following  method.  An  extended,  radiating  area  was  formed  by 

*  DOFL  Report  TR-641, "Electronic  Focus  and  Detection  Pattern  Indicator," 
by  Joseph  M.  Arthaber,  30  September  1958. 
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DIRECTION  OF  FIRE 

Figure  5-6.  Z-trame  on  gun  mount 


placing  a  grour-  c'i  ilucr«-stfrn+  iMjiips  behind  a  cJlifure  glass  plate  cov¬ 
ered  fcy  J.ran.rJu.rcn*  paper,  .'■’'■le  subtence  was  placed  7  ft  above  this 
light  source.  Perpendicularity  c.f  vn-.f,  ro fleeter  axes  with  the  glass 
pigte  was  maintained.  A  plumh  line  suspended  from  the  comers  of  the 
iJubfence  unir,  wa?  wed  '•o  project  the  subfence  outlines  onto  the  tT-ans- 
iuctnt  paper,  and  line^  that  were-  nciv  parallel  with  the  edges  of  the 
square  dj'tecM.on  pat.itrr.?  were  draim  on  the  paper.  The  straight  edge 
of  a  large  piece  of  opaque  black  paper  was  moved  first  parallel,  then 
.hormal  to  these  lines,  ard  the  position  marked  on  the  translucent 
Jumper  where  the  120' -cps  light  signal  first  appeared  in  the  detector. 

In  this  way,  a  square  detection  area  was  mark»=d  out  for  each  detection 
^'ieme-E.t  1  in  the  sul-fence  unit.  Tae.  general  pjattem.  of  the  optical  fence 
and  ary  misaligned  elements  can  readily  be  dlscoicered.  A  misalignment 
of  a  detection  element  may  te  due  to  either  a  machining  inaccuracy  in 
t^e  sufcfeni.e  unit  or  an  inaccur-acy  in  the  reflector  Itself.  A  iref lec¬ 
tor  may  he.  aligned  by  (a)  replacing,  (&)  rotating,  or  (c)  shimming. 

5.4.2  £ubf 6 nee-  All gnme n t 

t'U)  Once  the  detection  elements  within  a  sufcfenoeare  aligned, 

it  13  then  necessary  to  check  the  alignment  of  the  various  subfenees 
with  respect  to  each  other  on  the  Z-structure.  In  doing  this,  the 
leveTRe^.3  and  uniformity  of  the  mounting  surface  may  be  checked  at  t.he 
same  time,,  "'ho  method  cf  sufcfence  aligzune.nt  ^ed  is  as  follows:  A 
sheet  cf  dull  white  background  material  (painted  Masonite)  suspended  at 
a  know  height  above  the  mounting  platform  Is  maintained  parallel  with 
the  Z“-mcun*ir.g  surface.  'The  image  cf  a  linear  light  source  modulated 
at  10  cpr  13  then  iwept  across  the  Masonite  in  such  a  way  that  the  image 
is  parallel  with  the  edges  of  the  subfence  unit.  "Ihe  image  position  at 
vhK-h  th'-  10  cps  signal  was  first  detected  by  f.ach  sub  fenre  was  then 
marbeu  on  a  M?.?OD.i‘e.  'he  detection  pattern  of  each  fence  is  thus  loca¬ 
ted  ar  the  known  height  and  any  deviat.ion  in  the  alignment  becomes  ap¬ 
parent  .. 

5 , 5  A.-sc.ciated  Equipment 

..h'  Several  I'em-  of  asscciated  equipioent  have  teen  developed  In  con¬ 
nection  yi^^h  cb*^  field  testing  of  the  dejfhcticn  system  and  in  the  in¬ 
cest  igations  of  ■'he  de'.e-  tton  pa»--ernr. 

vt)  In  the  field  tests,  triggering  screens  iiaving  a  very  precise  ac- 
curacy  'were  needed  and  this  resulted  in  the  develcpment  of  the  optical 
cavl'y  triggering  screen/^  Tn  fne  1  ahcratcf?~y ,  a  method  for  determin¬ 
ing  the  sensitivity  pattern?  oi  the  detection  units  ■was  needed.  TThis 
.resulted  In  the  development  of  the  electronic  for  us  and  detection  pat- 
tern  indicator,.**  To  interpret  and  monitor  the  respense  of  the 

♦  DOFIj  Report  rR-654,  An  Optical  Cavity  Triggering  Screen  by  R.  R. 
Ulrich,  23  Doc.  1959. 

++  DOFL  Keport  Tii -641 , "Elec troni c  Forus  ard  Defection  Pattern  Indicator," 
by  Joaeph  M.  Arthaber,  30  September  1958. 
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optical  system  In  the  fleld^  an  infrared  photometer  was  developed  that 
measured  the  ambient  infrared  sky  radiation.* 


*  DOFL  Report  TR-759,  "A  Near  Infrared  Photometer^"  by  Louis  Melamed, 
20  November  1959. 
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6.  PRELIMINARY  SYSTEM 
A.  L.  Copeland,  R.  J.  Paradis 


6.1  Background 

(S)  Before  starting  the  design  of  the  experimental  system  for  the  June 
1960  feasibility  test,  which  Is  described  In  sections  8  through  13,  a 
preliminary  system  was  built  that  contained  only  two  vertical,  parallel 
detection  fences  and  a  computer*  for  determining  the  firing  time  and  sup¬ 
plying  a  firing  pulse  as  a  function  of  the  shell  velocity  alone.  The 
normal  angle  of  attack  and  the  height  of  the  shell  trajectory  were  held 
constant.  Since  the  velocity  Is  the  only  variable.  It  Is  also  called 
the  velocity-only  system. 

(U)  The  purpose  of  the  system  was  to  provide  experience  ln"weddlng"  the 
optical  detection  system  to  the  following  electronic  evaluating  system. 

One  difficulty  became  apparent  almost  Immediately.  It  was  that  of  ob¬ 
taining  sharp  trigger  pulses  from  the  output  of  the  long  time  constant 
lead  sulfide  cell  in  a  poorly  defined  detection  pattern  at  the.  Instant 
when  the  shell  crossed  the  fence  boundary.** 

6.2  Optical  Equipment 
6.2.1  Detection  Unit 

(U)  The  optical  detection  unit  was  the  one  described  In  section 

5.1  and  shown  In  figure  5.1. 

(C)  The  standard  flashlight  reflectors  used  In  the  two  4-reflec¬ 

tor  detection  fences  resulted  In  too  broad  a  detection  pattern  (figure  6-1) 
and  consequently  produced  a  detection  fence  that  departed  by  an  unaccept¬ 
ably  wide  margin,  E,  In  figure  6-1,  from  a  true  plane.  Conditions  were 
considerably  Improved  by  the  Installation  In  each  fence  of  a  baffle  1  ft 
In  length  with  a  collimating  slit  1  in.  in  width  1  ft  above  the  reflectors. 
The  leading  edge  of  each  slit  was  set  at  a  position  where  the  detection 
sensitivity  was  adequate  along  its  entire  length  to  produce  a  pulse  at  the 
instant  when  the  fence  was  pierced  by  a  shell. 

(U)  But  even  after  the  baffles  had  been  installed,  the  pulses 

were  still  too  long  under  conditions  of  high  signal  level.  They  then 
appeared  as  shown  in  figure  6-2,  When  a  brute-force  amplifier  was  used 
to  amplify  the  signal  in  order  to  produce  a  trigger  pulse,  the  pulse  occurred 

*  DOFL  Report  TM-57-7,  "A  Simplified  Computer  for  the  Dash-Dot  System, "(U) 
by  R.  J.  Paradis,  A.  L.  Copeland,  E.  Ramos,  20  March  1958. 

**The  improved  reflectors  (section  4.1)  were  not  available  at  that  time. 
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Figure  6-1.  Preliminary  detection  layout 
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somewhere  in  the  shallow  portion  between  points  A  and  B,  although  the 
shell  did  not  cross  the  slit  edge  until  point  B  was  reached.  The  dif¬ 
ficulty  was  overcome  by  abandoning  the  brute-force  amplifier  in  favor 
of  a  rate-of-rise  amplifier,  section  6*3. 

(U)  The  baffle  method,  although  rather  crude  optically  speaking, 

served  its  purix>8e  In  the  particular  application.  It  could  not  haive 
been  applied  in  the  full  experimental  system  where  the  accuracy  require¬ 
ments  were  much  higher. 

6.2.2  Performance  of  Pb3  Cells 

(C)  It  was  found  that  the  sensitivity  of  the  Eastman  &>dak  PbS 

cells  was  sufficient  under  a  bright,  cloudy  sky.  It  was  found  Insuffi¬ 
cient  in  the  late  afternoon  under  a  heavy  overcast,  and  under  a  clear- 
blue  sky.  The  blue  sky  obviously  lacks  emission  In  the  Infrared  region 
of  the  spectrum,  while  late  afternoon  overcast  sky  lacks  over-all  light 
emission.  This  limitation  would<^not  restrict  the  use  of  the  system 
under  operational  conditions  since  artificial  Infrared  floodlighting 
has  been  envisioned  for  use  at  night  time. 

(U)  In  field  test  practice,  the  Eastman  Kodak  PbS  cells,  when 

used  In  unsealed  equipment,  had  a  strong  tendency  to  develop  noise  levels 
high  enough  to  make  them  useless  for  the  present  application.  This  seemed 
to  be  especially  so  during  prolonged  periods  of  high  relative  humidity,  and 
it  was  concluded  that  the  noise  was  due  to  the  absorption  of  moisture  by 
the  cells.  The  condition  was  remedied  at  various  times  by  drying  out  the 
units.  It  was  for  this  reason  that  In  the  last  design  the  detection  unit 
was  hermetically  sealed  and  pressurized,  and  contained  a  dessicant. 

(U)  The  detection  units  also  contained  two  pulse-adding  circuits 

(figure  6-3),  which  added  the  pulse  voltages  generated  in  the  four  PbS 
cells  of  each  fence.  When  more  than  one  cell  was  observed  by  the  traversing 
shell,  and  fed  their  sum  to  the  following  rate-of-rlse  amplifier.  This 
method  was  chosen  because  of  Its  advantage  over  its  alternative  of  simply 
paralleling  the  cell  outputs. 

6.3  Rate-of-Rise  Amplifier 

(U)  The  rate-of-rlse  amplifier  was  designed  to  fulfill  the  following  re¬ 
quirements: 


(a)  High-impedance  PbS  cells  working  into  a  vacuum  tube  amplifier. 

(b)  Minimum  output  signal  required  to  trigger  the  computer  gates  to 

be  10  v. 


(c)  Minimum  initial  signal  rate-of-rise  of  lead  sulfide  cell  output 
to  be  50  mv  in  500  ^sec. 


(d)  Time  lag  between  crossing  of  slit  edge  by  shell  and  delivery  of 
trigger  pulse  to  be  20  lisec. 
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Figure  6-3.  Pulse  adding  circuitry  of  preliminary  system 


(U)  The  equation  for  the  rate  of  rise  amplifier  (figure  6,4),  assuming 
a  ramp  input j  is 

e  =  -  AQT  X  e  *■,  (6.1) 

o  ’ 

where 

A  =  gain  of  the  amplifier, 

a  =  rate  of  rise  of  the  ramp  input, 

T  =  =  R^  Cg,  and 

t 

T 

The  value  of  T  that  will  supply  a  lO^v  pulse  at  20  [isec  fo,r  the  smallest 
value  of  a  that  is  practicable  must  then  be  found,  To  do  so,  the  time 
at  which  the  peak  occurs  in  equation  (6.1)  must  be  determined. 

(U)  Differentiating  equation  (6.1)  with  respect  to  x  gives 


de 

o  .  „  ,  ~x  -X. 

— r-  =  -AOT  (-xe  +  e  ) „ 
dx 

'4* 

The  right-hand  side  is  now  set  to  zero  and  solved  for  x: 


-AdT  (-xe~^  +  e  ^)  =  0,  therefore, 

X  =  1  =  i  .  (6.2) 

T 


In  order  to  determine  the  value  of  T  required  for  the  occurrence  of  the 
peak  at  20  psec,  t  in  equation  (6.2)  is  set  to  20  |asec: 


2  X  10 


1;  T  =  2  X  10 


20  (jsec. 


(U)  Substituting  equation  (6.2)  into  equation  (6.1)  gives 

(e  )  ,  =  -AQTe”^  =  -3.68  x  10“^  ACG.  (6.3) 

o  peak 

(U)  Since  the  computer  requires  a  10-v  pulse,  equation  (6.3)  must  be 
solved  for  the  amplifier  gain  A: 

^%^peak _  (6.4) 

^  ocro.fs  X  10-1) 

"Pulse  &  Digital  Circuits,"  by  McGraw-Hill  Book  Co.,  New  York, 
Toronto,  London,  1956,  p'^- 
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Substituting  the  appropriate  values  for  (e  )  ,  a,  and  T  Kives 

o  peak'  ' 


.  1  X  10^  V 

(1x10  v/s)(2xl0  (3.158x10  ) 

A  =  -  1.358  X  10^. 

(U)  The  amplifier  must  then  have  a  minimum  gain  of  about  14,000  in 
orcler  to  properly  operate  the  computer  within  the  requirements  listed 
atJpve . 

(U)  The  rate-of-rise  amplifier,  as  actually  constructed  (figure ‘6-5) , 
also  includes  anoipe-clipping  level  as  well  as  an  amplifier  gain  con¬ 
trol  in  order  to  improve  flexibility  and  to  take  advantage  of  future 
improvements  in  PbS  cell  noise. 

(U)  In  the  experimental  system  built  for  the  proposed  June  1960  feasi¬ 
bility  test,  the  rate-of-rise  amplifier,  as  described,  has  been  super¬ 
seded  by  the  sally  amplifier  described  in  section  7.1.3. 

6.4  Velocity-Only  Firing-Time  Computer 

(S)  In  the  geometry  shown  in  figure  6-6,  ATj^  is  the  interval  between  the 
times  Tq  and  T^  when  the  projectile  enters  the  first  and  the  second 
fence,  respectively,  and  ATg  is  the  time  Interval  between  the  time  Tg 
when  the  projectile  traverses  the  second  fence  and  the  time  T^,  when 
the  defending  charge  has  to  be  fired. 

(U)  AT  in  terms  of  AT  and  the  other  parameters  in  figure  6-6  is 
£  X 

ATp  =  ATj^  dg/d^  -  dg/V^  .  (6-5) 

The  height  of  attack  d^  is  known  or  preset;  is  the  known  defending- 

charge  velocity;  therefore,  time  of  flight  of  the  charge 

fragments . 

(U)  These  parameters  are  set  in  the  computer  by  the  operator. 

•  (U)  Electronically,  the  operation  of  the  computer  is  as  follows  (figure 
6-2)*  At  T^,  a  Miller  sweep  is  started  at  a  run-down  rate  of 

C  at  the  voltage  is  held  and  a  second  Miller  sweep  is  started 

and^its  run-down  rate  is  C. 
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Multiplying  both  sides  of  equation  (6-5) by  gives 


CATp  =  CKi  ATi  -  CK2  ,  (6.6) 

where 


Notice  that  the  parameters  are  not  completely  independent.  For  example, 
if  a  different  point  is  required  to  be  hit  on  the  oncoming  projectile, 
d2  is  changed  and  this  requires  a  change  of  C  since  the  product  C  ^2/'^! 
is  a  constant  of  the  computer.  It  is  seen,  then,  that  in  order  to  hit 
a  certain  point  on  the  projectile,  C  is  adjusted  or,  in  other  words,  the 
slope  of  the  second  Miller  sweep  is  adjusted.  Also  the  voltage  step 

C  d3/Vg  is  clearly  a  function  of  C.  In  the  rest  of  the  derivation, 

C  d2/d.-^  and  C  will  be  called  and  CK2  respectively. 

Now,  since  CK^  is  a  fixed  constant  of  the  computer,  we  let  CKj^  =  D. 

CK2  is  a  voltage  parameter  that  has  to  be  set  in,  so  we  will  let  CK2  = 
AV.  Then 

D 

AV  =  CK2  =  -jp  ;  AV  =  —  Kg.  (6.7) 

For  ease  in  setting  up  and  introducing  the  parameters  into  the  language 
of  the  computer,  charts  have  been  prepared  (figure  S-8)  .  Notice  that 
equation  (6.7)  is  an  equation  for  a  straight  line  with  slope  D/K]^ . 

(S)  Let  an  assumed  case  be  set  up  using  the  dimensions  in  figure  6-9, 
where  the  missile  is  to  be  hit  I9  in.  behind  the  nose.  Assuming 


CATp  =  CKj^  ATj^  -  CKg, 


K - 2  ^  ^  3  34  and 

1  ~  d^  12 


S  =  -TH  =  2  X  10"^  sec. 


10'^ 


sec 


Defending  charge  velocity  =  10,000  ft/sec  and 


CKj^  =  5.66  X  10  v/sec. 
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CKa  OR  av 


Figure  6-9.  Special  velocity-only  layout 


Figure  6-10.  Specialized  computer-setting  chart 
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CK2  can  be  found  from  the  above  information  for  this  one  particular 
case^  but  to  save  arithmetic  calculations^  curves  may  be  used.  Redrawing 
figure  6-8  using  the  assumed  parameters  results  in  figure  6-10.  Assuming 
that  the  line-charge  flight  time  will  be  between  100  and  600  psec  gives, 
for  point  A, 


AV 


5.66  X  10^* 
3.44 


X  10 


-4 


1.69  V ,  and 


for  point  B, 


AV  = 


5.66  X  10 
3.44 


X  6  X  10  =  10.2  V. 


A  line  is  drawn  connecting  these  points,  now  for  any  K2  between  100 
and  600  psec,  AV  can  be  read  off.  Once  the  proper  parameters  have  been 
set  into  the  computer,  the  oncoming  projectile,  regardless  of  its  velocity, 
wiil-  be  hit  10  in.  back  of  its  nose. 


For  the  present  case,  the  values  of  K2  =  200  psec  and  AV  =  3.4  v  were 
chosen.  This  voltage  is  set  in,  using  a  calibration  curve.  Similar 
curves  are  drawn  for  3,  5,  7,  9,  and  11  in.  back-of-the-nose  encounters. 

(C)  Figure  6-11  is  the  block  diagram  and  figure  6-12  the  diagram  of  the 
complete  circuitry,  including  velocity-only  computer,  firing  circuit,  and 
power  supplies.  Figure  6-11  is  so  arranged  that,  if  superimposed  on  fig¬ 
ure  6-12,  every  block  in  figure  6-11  indicates  the  function  of  the  cir¬ 
cuitry  underneath  it  in  figure  6-12. 

6.5  Field  Tests  on  Preliminary  System 


(C)  The  field  tests  were  conducted  at  the  FOFL  test  area  at  Blossom  Point, 
Maryland.  A  TS-mm  and  a  20-mm  gun  were  used  to  shoot  projectiles  on  a  flat 
trajectory  over  the  2-fence  detection  unit.  With  the  75-mm  ammunition,  the 
velocity  could  be  varied  between  1400  and  2400  ft/sec,  the  20-mm  slugs 
moved  at  3300  ft/sec.  A  camera,  figure  6-13,  was  positioned  at  a  point  on 
the  fragmentation  plane  of  the  hypothetical  defending  charge,  looking  at 
a  shadow  box  that  consisted  of  an  enclosure  faced  with  a  translucent,  cali¬ 
brated  screen  and  was  backlighted  by  a  lype  1530  General  Radio  Microflash. 
This  lamp  produced  a  high-intensity,  2  psec  light  pulse  that  is  adequate  to 
stop  the  shells  on  film  in  the  considered  velocity  range.  As  an  example, 
a  shell  travelling  at  4000  ft/sec  would  move  approximately  0.1  in.  in  the 
duration  of  the  flash. 

(U)  The  camera  shutter  was  actuated  by  a  solenoid,  which  was  excited  by  a 
capacitor  discharging  through  it,  at  the  instant  a  shell  shorted  the  camera 
trigger  screens.  The  shutter  speed  was  so  set  that  the  shutter  would  be 
open  when  the  shell  arrived  in  the  vicinity  of  the  intercepting  plane. 
Another  set  of  screens  was  installed  a  short  distance  in  front  of  the  first 
optical  fence  and  was  used  to  trigger  the  oscilloscopes. 
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Figure  6-11.  Block  diagram  of  preliminary  system 


Figure  6-i3.  Range  layout  for  preliminary  system  test 
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(S)  Figure  6-14  is  the  block  diagram  of  the  electronic  test  instrumenta¬ 
tion.  Two  1-Mc  electronic  timing  units  were  used;  one  to  monitor  ATj,  the 
time  interval  between  the  penetration  of  the  first  and  second  optical 
fence;  the  other  to  monitor  ATy  ,  the  time  Interval  between  the  penetration 
of  the  second  optical  fence  and  the  delivery  of  the  firing  pulse  from  the 
firing-time  computer.  The  two  oscilloscopes  recorded  and  pennitted  monitor¬ 
ing  of  the  signals  out  of  the  PbS  cells  as  the  detection  fences  were  tra¬ 
versed  by  the  shells,  the  two  trigger  pulses  derived  from  the  cells,  and 
the  computer  waveforms.  It  was  also  possible  to  record  the  firing  pulse  out 
of  the  computer  when  desired  All  of  the  above  signals  could  be  taken  on  the 
same  time  base  for  direct  comparison,, 

6.6  Test  Results  and  Conclusions 


(S)  The  equipment  described  previously  made  it  possible  for  the  shells 
to  be  photographed  automatically  It  turned  out,  as  expected,  that  photo¬ 
graphs  were  taken  at  the  instant  when  the  shells  were  in  the  fragmentation 
plane  of  the  hypothetically  assumed  defending  charges,’^  It  was  also  possi¬ 
ble  to  shift  the  point  of  impact  relative  to  the  shell  back  and  forth  by 
predetermined  distances. 

(S)  Figure  6-15  resulted  from  a  typical  test  firing.  The  two  oscillo¬ 
scope  traces  in  figure  6-15a  are  the  two  original  signals  from  a  75-mra 
shell,  coming  in  from  the  right-hand  side  as  the  shell  traverses  the  two 
detection  fences. 

(C)  Figure  6-15b  shows  the  way  the  computer  reacts  to  the  signals.  In 
the  two  top  traces,  a  first  Miller-sweep  run-down  (section  6.4)  is  seen 
to  start  at  the  time  the  first  shell  signal  begins.  At  the  beginning  of 
the  second  pulse,  two  •'hings  are  seen  to  happen:  The  first  Miller-sweep 
run-down  is  stopped  and  held  at  a  constant  voltage,  and  a  second  run-down 
is  started.  The  firing  pulse  in  the  lower  trace  of  figure  6-15b  is  seen 
to  be  generated  at  ‘he  instant  the  running-down  voltage  of  the  second 
sweep  equals  the  held  voltage  of  the  first  one. 

(S)  Figure  6-15c  is  a  photograph  of  the  shell  in  front  of  the  screen  of 
the  shadow  box,  taken  in  the  light  of  the  Microflash  behind  it.  The 
darker  vertical  line  near  the  center  indicates  the  fragmentation  plane 
of  the  hypothetical  defending  charge.  As  has  been  explained,  the  Micro¬ 
flash  is  triggered  by  the  firing  pulse  (lower  trace  in  figure  6-15b). 

The  shell  shadow  shows  the  shell  nose  coinciding  with  the  darker  line; 
in  other  words,  this  particular  shell  has  been  hit  on  the  nose. 

(U)  It  was  found  that  under  favorable  noise  conditions  the  system  would 
operate  successfully  at  somewhat  lower  signal  levels  making  it  also  pos¬ 
sible  to  obtain  a  reliable  pulse  in  less  than  20  psec 


*  In  order  that  the  shell  pic‘ure  could  be  taken  as  the  nose  entered  the 
assumed  fragmentation  plane,  ^•he  parameter  D3/VC  in  equation  (l)(section 
6.4)  had  to  be  set  to  zero,  thereby  simulating  an  infinitely  high  fragment 
velocity 
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Figure  6-14,  Block  diagram  of  electronic  test  instrumentation  of  preliminary  system 
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(S)  As  a  result  of  the  field  tests  it  was  concluded  that  a  system  of  this 
preliminary  type  could  be  designed  to  perform  the  specified  task  of  sup¬ 
plying  a  firing  pulse  to  a  line  of  charges  at  the  proper  time  even  while 
using  inexpensive  reflectors.  It  would  not  be  possible^  however,  to  use 
the  simple  reflectbrs  in  a  system  that  would  require  the  measurement  of 
the  approach  angle. 

(U)  In  addition,  a  valuable  amount  of  experience  was  gained  in  the  use  of 
PbS  cells  in  an  unorthodox  manner,  for  instance,  that  of  generating  fast 
pulses  from  them  as  the  signal  emerges  out  of  the  noise. 
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7.  EQUIPMENT  SUPPLIED  TO  PICATINKY  ARSENAL  AND 
BALLISTICS  RESEARCH  LABORATORIES 

A.  Copeland,  J.  E,  Miller,  R.  J.  Paradis 


(’S)  At  the  request  of  Picatinny  Arsenal  and  Ballistics  Research  Labo¬ 
ratories,  this  installation  designed,  built  and  delivered  to  each  of 
these  installations  a  dectector  computer  system  for  their  use  in  the 
study  of  defending  charges  in  dynamic  firings.  The  requirements  were 
that  the  system  be  able  to  detect  the  oncoming  shell,  fired  at  a  pre-set 
height  and  in  normal  attack,  determine  its  velocity,  and  supply  a  firing 
pulse  to  the  defending  charge  when  the  shell  reached  the  fragmentation 
plane  of  the  charge . 

(U)  It  appeared  that  the  two-fenee  detecting  units  and  the  preliminary 
type  "velocity-only"  timing  computer  that  was  previously  field  tested 
would,  with  a  few  modifications,  fulfill  the  requirements. 

7.1  Improvements  over  Preliminary  System 

(U)  The  modifications  considered  to  be  necessary  and  added  to  the  basic 
preliminary  test  system  were  the  following: 

1.  A  manual  control  for  each  of  the  constants  in  the  velocity -only, 
constant" height,  firing- time  equation 

AT^  =  AT^  -  Kg  .  (7.1) 

2.  A  high-voltage  firing  circuit. 

3.  A  signal  simulator  and  sequential  pulse  generator. 

(C)  The  manual  controls  were  necessary  to  make  the  computer  adaptable  to 
tests  that  require  that  the  shell  be  hit  at  various  positions  as  measured 
from  their  noses  and  to  allow  for  use  of  defending  charges  having  a 
range  of  velocities.  The  high-voltage  firing  circuit  was  necessary  in 
order  to  fire  the  detonators,  while  the  simulator  and  sequential  pulse 
generator  provided  caiibrating  signals  for  the  computer. 

(U)  Peculiarities  were  encountered  upon  the  installation  of  the  equip¬ 
ment  at  the  above  named  installations  which  required  the  addition  of 
various  devices  in  order  to  obtain  reliable  oi)eration.  At  both  installa¬ 
tions,  cable  lines  several  hundred  feet  in  length  were  required  to  feed 
the  signal  from  the  optical  detection  equipment  to  the  computer  location 
in  the  respective  block  houses,  and  the  firing  pulses  from  the  block 
houses  back  to  the  defending  charges  in  the  firing  locations.  Since  the 
signal  level  was  comparatively  low,  due  to  weather  conditions,  enough 
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noise  was  picked  up  on  the  lines  to  produce  undesired  firings.  In  addition^ 
the  energizing  of  the  gun  firing  solenoid  at  Picatinny  Arsenal  caused 
power  line  transients  which  proved  to  be  troublesome.  Naturally^  in  an 
operational  system  with  its  shorty  armor-shielded  connecting  lines^  these 
difficulties  would  not  exist. 

(U)  The  slgnal-to-noise  ratio  of  the  computer  input  was  Improved  by 
amplifying  the  signal  from  the  optical  detection  equipment  by  a  factor 
of  10  at  the  input  to  the  signal  lines  and  by  attenuating  it  by  the 
same  factor  at  the  signal  line  outpuf.  An  anode  follower  amplifier 
(fig  7-1)  which  retains  the  phase  and  maintains  the  required  low  im¬ 
pedance  output,  was  connected  between  the  output  of  the  optical  equip¬ 
ment  and  the  line.  The  difficulty  due  to  the  power  line  transient 
caused  by  the  energizing  of  the  gun  firing  solenoid  was  overcome  by 
adding  a  circuit  that  blocked  the  computer  operation  until  some  time 
after  the  energizing  of  the  solenoid. 

(C)  The  "velocity-only"  firing  time  computer  has  been  described  in 
section  6.4. 

7.2  Firing  Circuit 

(U)  The  firing  circuit  is  shown  in  figure  7-2.  Since  physical  size 
was  of  little  concern  in  this  case,  a  4C35  thyratron  was  employed. 

7.3  Completed  Equipment 

(U)  Figure  7-3  is  a  block  diagram  of  the  equipment  installed  at 
Picatinny  Arsenal.  The  equipment  installed  at  Ballistics  Research 
Laboratories  was  the  same  with  the  exception  that  no  protective  cir¬ 
cuitry  against  f iring-solenold-caused  transients  was  required.  Figures 
7-4  and  7-5  are  front  and  back  views  of  the  computer  rack  as  delivered 
to  the  above  installations.  In  addition  to  all  power  supplies,  it 
also  contains  some  equipment  for  the  adjustment  of  the  computer,  such 
as  a  signal  simulator,  that  is  not  described  in  this  report. 


7.4  Results 

(C)  Field  test  results  of  live  dynamic  firings  are  listed  in  Firing 
Record  No.  Ar- 21728  by  Development  and  Proof  Services,  Aberdeen  Proving 
Grounds.  They  show  that  several  types  of  anti-tank  ammunition  of 
various  velocities  have  been  consistently  defeated  regardless  of  their 
velocities,  employing  the  preliminary  Dash-Dot  system  as  a  timing  tool. 
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Figure  7-1.  Amplifier  and  anode  follower 
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Figure  7-3.  Block  diagram  of  equipment  supplied  to  Picatinny  and  BRL 


Figure  7-4.  Front  view  of  preliminary  computer  rack 
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Figure  7-5.  Back  view  of  preliminary  computer  rack 
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8.  FUNCTION  OF  OVER-ALL  ELBCTRONIC  CIRCUITRY 
W.  Moore 


(S)  An  outline  of  the  geometry,  setting  forth  the  three-detection  fence 
concept  with  multiple  detection  pickets,  has  been  given  in  section  3. 

The  three  fences  are  used  to  provide  the  firing- time  information,  while 
the  individual  pickets  are  employed  for  the  selection  of  the  defending 
charge  to  be  fired. 

(S)  Figure  8-1  shows  in  block  form  the  interconnections  of  the  elec¬ 
tronic  subassemblies  to  perform  the  over-all  function.  The  three  fences 
are  designated  "Optical  Units"  in  the  diagram,  each  block  representing 
84  individual  detection  pickets.  The  84  outputs  from  these  units  in  the 
A  and  B  fence  are  fed  to  84  amplifier  blocking-oscillator  units  which  con¬ 
tain  84  sally  amplifiers  (section  9.1.3)  and  provide  easily  handled  timing 
pulses  whenever  a  shell  passes  through  a  fence.  Thus,  the  identity  of  all 
pickets  in  the  first  two  fences  is  retained  through  this  portion  of  the 
system. 

(S)  The  outputs  of  the  sally  amplifiers  associated  with  the  A  and  B 
fences  are  connected  to  the  Charge  Selection  Computer  (section  11)  and 
are  also  fed  to  the  OR  Gates  (section  9.2.1).  These  OR  gates  allow  any 
of  the  84  possible  sally  amplifiei’  pulses  to  feed  a  single  line.  The  A- 
fence  OR-gate  output  allows  the  sally  amplifier  pulse  to  be  fed  simultan¬ 
eously  to  the  K-factor  generator  (section  9.4),  the  200  )asec  Delay  Gate 
(section  9.3.2)  and  to  the  Tq  input  of  the  Sequential  Blocking  Gates 
(section  9.2.3).  Similarly,  the  B-fence  OR-circuitry  feeds  only  one  pulse 
to  the  Ti  input  of  the  sequential  blocking  gates,  while  the  C  or  Height- 
Fence  OR-circuit  (section  9,2.2)  feeds  only  the  T2  signal  to  the  sequential 
blocking  gates  and  ,to  an  additional  pass  gate  which  was  introduced  as  an 
added  safety  measure. 

(S)  The  circuitry,  to  this  point,  provides  the  charge  selection  computer 
(section  11)  with  84  individual  inputs  from  the  A  fence  and  another  84 
from  the  B  fence.  It  also  generates  pulses  at  times  T^,  T^,  T^  when  the 
missile  traverses  the  A,  B,  C  fences  respectively.  These  pulses  are  fed 
to  the  firing-time  computer  (section  10)  through  the  Sequential  Blocking 
Gates.  These  are  the  primary  functions  of  the  system,  i.e.  timing  and 
charge  selection. 

(S)  Another  function,  that  of  size  discrimination,  which  causes  shells 
of  less  than  50-mm  diameter  to  be  ignored,  is  performed  by  sending  the  A 
fence  outputs  through  a  subchannel  designated  as  Peak  Determining  Amplifiers 
in  the  figure.  Here  a  pulse  is  generated  when  the  signal  reaches  its  peak, 
that  is,  as  pointed  out  in  section  9.1.1,  when  the  tail  of  the  missile 
leaves  the  A  fence.  The  process  by  which  the  size  discrimination  is  accom¬ 
plished  is  described  in  section  9.3. 
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(S)  The  pulse  corresponding  to  the  missile  tail  leaving  the  A  fence  is 
also  fed  to  the  K-f actor  generator.  This  unit  provides  an  added  delay 
for  the  firing  pulse  so  that  the  missile  is  Impacted  not  at  the  nose  but 
at  a  presettable  fraction  of  its  length  behind  the  nose^  regardless  of 
its  actual  length.  The  mode  of  operation  of  this  circuitry  is  described 
in  section  9.4. 

(S)  The  various  gates  shown  in  figure  8-1,  such  as  the  200  psec,  100  ms, 
pass  gate,  an4  gates  are  part  of  the  size  discrimination  and  protective 
circuitry  to  prevent  firing  of  the  defending  charges  on  noise  or  false 
inputs . 

(S)  Upon  the  receipt  of  signals  from  the  A  and  B  fences,  the  charge- 
selection  computer  opens  appropriate  gates  which  direct  the  low-voltage 
firing  pulse  to  the  high-voltage  firing  circuit  (section  12)  that  is  re¬ 
quired  to  detonate  the  selected  defending  charge.  The  low-voltage  firing 
pulse  is  supplied  by  the  firing  time  computer  which  requires  information 
from  all  three  fences .  Jn  addition,  the  signal  from  the  A  fence  is  sup¬ 
plied  to  the  size  discrimination  circuitry  (section  9,3)  which  opens  a 
pass  gate  for  the  low-voltage  firing  pulse  only  if  the  attacking  round 
is  larger  than  50  mm  in  diameter.  If  the  diameter  is  less  than  50  mm, 
the  gate  does  not  open  and  no  low-voltage  pulse  is  transmitted  to  the  fir¬ 
ing  circuits . 
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9 ,  SIGNAL  PROCESSING  AND  SYSTEM  LOGIC 


A.  Copeland,  J,  E.  Miller,  W.  J.  Moore,  R.  J.  Paradis,  F.  Vrataric 


9 . 1  Analysis  and  Shaping  of  Signal  Pulses 

9.1.1  Analysis  of  Signal  Pulses  . 

<S)  As  explained  in  section  4.2,  lead  sulfide  cells  are  used  in 

the  sensing  system  in  preference  to  cells  of  other  types.  If  these 
cells  had  an  infinitely  fast  response,  the  signal  obtained  from  firing 
a  shell  through  one  of  the  detection  fences  would  ideally  appear  like 
the  one  shown  in  figure  9-la.  In  this  case,  it  would  be  a  simple  mat¬ 
ter  to  correlate  the  position  of  the  shell,  figure  9-2,  relative  to  the 
detection  fence  with  the  times  T^  (nose  contact),  (nose  fully  pene¬ 
trated),  (tail  emerging),  and  T2  (tail  fully  emerged).  Unfortun¬ 

ately,  however,  because  of  the  finite  time  constant  (200  (isec  in  this 
case),  matters  are  not  so  simple.  Figure  9-lb  shows  a  typical  signal 
from  a  slow  shell  traversing  the  fence  and  figure  9-lc  a  signal  from  a 
fast  shell.  It  can  be  seen  from  figures  9-lc  and  9-2  that  for  a  fast 
shell,  which  is  the  usual  case,  the  peak  of  the  signal  occurs  at  a  time 
when  the  tail  of  the  shell  is  in  the  fence.  There  is  an  added  un¬ 
certainty  AT^  in  time  (figure  9-lc)  due  to  the  combined  effects  of 
the  time  constant  of  the  cells  and  the  thickness  of  the  detection  fences. 
This  is  true  even  for  the  specially  designed,  well  collimated  detection 
units  which  were  described  in  section  4.1. 

(S)  In  the  simplest  case,  the  system  would  be  so  designed  as  to 

utilize  the  peak  of  the  signal.  As  has  just  been  shown,  the  consequence 
would  be  that  the  system  would  react  to  the  tail  of  the  shell,  which  is 
demonstrated  in  figure  9-3.  This  is  not  desirable.  Since  the  distances 
d]^  and  d2  are  system  design  parameters,  the  distance  between  the  defend¬ 
ing  charge  and  the  last  detection  fence  would  have  to  be  greater  than  in 
the  nose-reacting  system.  Also,  the  uncertainty  AT^  in  time  causes  a 
difficulty.  Since  the  time  differential  due  to  the  first  two  fences  is 
multiplied  by  a  "leverage"  factor  which  contains  the  term  d2/<l2^  in 
the  firing-time  equation  (equation  in  section  9.4),  any  uncertainty  such 
as  ATt  is  multiplied  by  the  same  factor.*  Furthermore,  the  signatures 
of  some  shells,  such  as  the  90  mm  T300E53  HEAT  round  shown  in  figure  9-22, 
have  binodhl  structures  which  make  it  difficult  for  the  system  to  sense 
the  actual  tail. 

(C)  Therefore,  the  alternative,  the  nose-reacting  system,  figure 

9-4,  has  been  chosen,  which  avoids  the  inherent  difficulties  of  the  tail¬ 
reacting  type.  However,  it  poses  another  problem.  As  can  be  seen  from 
figure  9-lc,  the  signal  from  a  fast  shell  rises  relatively  slowly  from 
zero^and,  in  addition,  is  "contaminated"  by  noise. 

*  For  a  more  rigorous  treatment  of  this  subject  see  section  13.6.3. 
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Figure  9-1.  Signals  from  different  time  constant  cells 
and  different  velocity  shells 
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Figure  9—2.  Position  of  shell  in  relation  to  detection  fence 
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Figure  9-3,  Tail  reference  system 


Figure  9-4 .  Nose  reference  system 
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(U)  This  necessitates  an  analysis  of  the  signal-to-nose  ratio  of 

the  PbS  photocells  and  the  input  circuit  (section  9.1,2)  as  well  as  the 
development  of  a  so-called  sally  amplifier*  which  generates  a  sharj)  arti¬ 
ficial  pulse  with  a  minimum  of  delay  at  the  instant  when  the  signal  emerges 
from  the  nose  (section  9.1.3). 

9.1.2  Analysis  of  Signal-to-Noise  Ratio 

(C)  The  output  from  the  detection  pickets  as  a  missile  passes 

through  them  may  be  approximated  by  the  ramp  function  e^  =  at.  The  ob¬ 
ject  of  the  sensing  system  is  to  determine  as  quickly  and  as  simply  as 
possible  the  time  at  which  the  function  was  initiated.  Were  the  system 
ideal,  that  is,  noiseless,  the  function  could  be  detected  easily  by  a  sim¬ 
ple  rate-of-rise  amplifer.  However,  in  the  real  system  the  signal-to- 
noise  ratio  is  relatively  small,  2  to  3,  at  the  time  when  the  missile  must 
be  detected  (approx.  20  |isec  after  initiation  of  the  signal).  The  greater 
the  bandwidth  of  a  shaping  amplifier,  the  less  the  lag  in  the  output  sig¬ 
nal  will  be,  but  also  the  greater  will  be  the  noise  output.  This  section 
presents  a  theoretical  investigation  of  signal-to-noise  ratio  in  photo 
conductive  detectors  and  related  amplifiers  as  applied  to  the  Dash-Dot 
project.  The  objective  of  the  analysis  is  to  provide  two  things:  an  ap-  ' 
proximation  to  the  bandwidth  required  for  maximum  signal-to-noise  ratio 
at  a  time  T  after  initiation  of  the  input  signal,  and  a  value  for  the 
gain  required  to  amplify  the  input  signal  to  a  sufficient  trigger  level. 

(S)  The  photocells  generate  a  signal  which  may  be  approximated 

by  I 


=  a  t  (volts)  ■  (9.1) 


Where  CC  is  the  rate  of  rise  in  volts  per  second  and  t  is  time  in 
seconds.  In  the  Dash-Dot  system,  the  trigger  level  from  the  light  detec¬ 
tors  must  be  obtained  in  a  maximum  time  of  20  psec  after  initiation  of 
the  signal.  The  following  analysis  will  be  based  upon  figure  9-5.  Using 
the  circuit  shown  to  define  the  system  bandwidth,  the  transfer  function 
for  an  input  signal  e^  =  a  t  is  found  to  be: 

aT, 

e  =  ~  {  K-1  -  Ke”  ^  +  e"*  ’  I  (9.2) 


?  =  ~  (k-I  -  Ke” 

o  K-1  \ 


where 


K  =  T^/T^ 


^1  =  ^1  ^1 


♦  Webster's  Dictionary: 


Sally  -  1.  A  rushing  or  bursting  forth; 

2.  .4  brief  outbreak  into  activity  or 
expression. 


SECRET 


129 


miinlni  of  tho  oiplontft  Itwi.  tlllt, 

m,y,,  nriang  ill  innimiMion  «r tfit  rtv«iatl«n  of  )ta  oofttgnti  Intny  minnirttfrivniuthdrizod  porioh  liprombltodlly  liw. 


130 


Figure  9-5.  Equivalent  circuit  of  amplifier 
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^2  ^  ®2  S 


Y  =  t/T, 


(U)  The  noise  In  semiconductors  may  be  placed  in  three  major  cate¬ 

gories,  semiconductor  noise  which  is  proportional  to  ^  ;  thermal  noise 

which  is  proportional  to  and  shot  noise  which  is  also  proportional 

to  where  f  Is  the  frequency  and  to  the  bandwidth  expressed 

in  radians  per  second.  In  modern  transistors  the  noise  becomes  negligi¬ 
ble  above  800  cpS*  so  that  the  total  noise  e^  may  be  expressed  as: 

(9.3) 


where  p  is  a  constant.  The  bandwidth  may  be  expressed  as  a  function 

of  the  two  time  constants  T,  and  T  : 

X  ^ 


e^  =  Ps/Ck  -  1)/T^ 


(9.4) 


Where  it  is  assumed  that  I,,  KT_. 

X  A 


(U)  By  combining  (9,2>  and  (9.4),  the  signal-to-noise  ratio  S/N 

is  found  to  be 


a  ^  3/2  1 


Ke'Y  + 


-K  Y 


(9,5) 


Differentiating  ‘he  function  with  respect  to  K  and  setting  it  equal 
to  zero  will  find  either  a  maximum  or  a  minimum. 


d  S/N 
d  K 


-Kfl' 


I  -e 


‘Ky 


r 


L' 


3  +  2Y  (K-1) 


+  1  +  2e 


(9.6) 


Assuming  that  the  lower  frequency  is  800  cps  and  t  =  20  psec,  then  T 
is  equal  to  0,10,  As  K  approaches  19.4  the  function  (9.6)  goes 
through  zero,  as  seen  in  figure  9-6,  This  states  that  the  signal-to- 
noise  ratio  reaches  an  optimum  value  when  T  =  T, /19  4  or  f  =  15.5  kc. 

^  JL  H 


f"IiO,  Endre,  et  al  ,  Iransistor  Electronics,  Prentice-Hall,  Englewood 
Cliffs,  N  J,,  1955,  pagesl23-124. 


**L.  P.  Hunter,  Handbook  of  Semiconductor  Electronics,  McGraw-Hill,  N,  Y. 


1956,  page  11-60, 
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(U)  Figure  9-7  shows  a  plot  of  the  signal-to-noise  ratio  normal¬ 

ized  to  the  value  of  K  a  19.4.  It  is  clearly  seen  that  the  ratio  does 
indeed  reach  a  maximum  and  not  a  minimum. 


(U)  The  required  gain  of  the  amplifier  is  computed  on  the  basis 

that  the  frequency  determining  network  precedes  the  amplifier  and  that 
the  output  of  the  amplifier  must  attain  a  voltage  level  sufficient  to 
trigger  a  pulse  generator. 


(U)  The  input  signal  has  been  found  experimentally  to  be  approx- 

imatfed  by  e.  =  2  x  10  t  volts  for  0  <  t  <  500  (isec.  The  rate  of  rise 
is  based  upon  the  input  signal  attaining  a  level  of  10  mv  in  500  psec. 


(U)  'The  voltage  out  of  the  network  in  figure  9-5  at  t  =  20  p,sec 

is 

e  =  .44  e. 

°  ^  1 1  =  20  jasec . 

If  the  output  of  the  amplifier  must  attain  a  level  of  10  v,  then  the  re¬ 
quired  gain  is 


A  = 


,44  at 


t  20  |jsec 
10 


.44  X  20  X  20  X  10 


-6 


A  57  X  10" 


9.1.3  Design  of  Sally  Amplifier 


'D>  Tae  amplifier  is  shown  in  figure  9-8,  Transistor  Qp  is  an 

emitter  follower  Tfnich  is  needed  to  reduce  crosstalk  when  the  size  dis¬ 
crimination  unl-^  (sect  9,3"  is  added,  Itansistors  Q2  and  Q3  are  the 
bandwidth- limited  amplifiers  which  drive  Qi,  Transistor  is  saturated 
to  provide  a  threshold  level  he  lew  "hich  the  signal  will  be  blocked. 

This  feature  is  added  to  preven*  spurious  noise  pulses  from  triggering 
thif  blocking  oscillator.  Translstcrs  Qg  and  Q0  are  the  driver  and  block¬ 
ing  oscillator  respec*! ^ely.  The  pulse  from  the  blocking  oscillator  is 
11  V  in  amplitude  and  10  jisec  xlde, 

(U>  In  tests  using  a  signal  simulator,  the  pulse  from  the  ampli¬ 

fier  has  been  attained  13  jisec  to  25  jjsec  after-  initiation,  depending 
upon  i:he  ampiiTude  of  the  input  signal  (figure  9-91). 

(U)  ■'"ne  complere  amplifier  is  mounted  on  a  small  1-3/4  in,  by 

2-5/8  in.  printed  circuit  board.  Bo'h  sides  of  the  board  are  shown  in 
figure  9-10, 

(C)  *0re  eat.i  of  these  amplifiers  was  to  be  connected  to  each  photo¬ 

cell  in  the  first  two  (velocity)  fences  and,  as  pointed  out  in  section  9.2.1, 
to  aiach  group  (subfence,  sect  5.2';)  of  7  photocells  in  the  third,  the  height 
fence,  section  9.2,2.  In  the  layout  as  originally  planned  for  the  June  1960 
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Figure  9-9.  Pulse  delay  In  sally  amplifier  vs  signal  amplitude 


Figure  9-10.  Views  of  sally  amplifier 
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feasibility  test,  this  would  have  amounted  to  180  amplifiers.  When, 
after  termination  of  the  project,  DOFL  went  on  making  the  final  meas¬ 
urements,  employing  the  Z-shaped  structure  mentioned  in  section  5.3, 
only  14  amplifiers  for  the  photocells  in  the  first  two  subfences  were 
required,  and  one  in  the  third  subfence. 

9.2  Logic  Gates 


9.2.1  Diode  "OR"  Circuit 


(C)  As  mentioned  previously,  the  full  system  would  contain  84 

detection  pickets  in  each  fence.  The  charge-selecting  computer  is 
connected  to  each  individual  picket  in  the  first  two  fences  only.  The 
diode  OR  circuit,  figure  9-11,  0R‘s  seven  sally  amplifier  outputs 
to  a  single  output  while  maintaining  the  identity  of  the  individual 
amplifiers.  This  OR  circuit  was  used  in  the  first  two  subfences  (sec¬ 
tion  5.2)  for  field  test  purposes.  In  a  final  system,  the  entire  84 
pickets  must  be  0R*d  together  in  each  fence. 

9.2.2  Height  Fence  ”0R"  Circuit 


(C)  The  height  fence  contains  84  detection  pickets,  as  do  the 

first  two  fences,  but  there  are  no  requirements  for  individual  picket 
identity,  since  the  output  of  this  fence  is  fed  to  the  firing-time  com¬ 
puter  (section  10) .  It  is  therefore  possible  to  OR  the  individual 
pickets  and  use  one  sally  amplifier  (section  9.1.3)  for  a  number  of 
them.  The  height  fence  OR  circuit  is  shown  in  figure  9-12.  Seven  PbS 
cell  load  resistors  and  coupling  capacitors  are  mounted  on  a  small  cir¬ 
cuit  board,  identical  to  those  used  in  the  sally  amplifiers.  The 
transistor,  connected  in  a  common  base  circuit,  OR's  the  seven  detec¬ 
tion  pickets  to  a  single  output  Ihis  output  is  conn^^cted  to  the  input 
of  a  sally  amplifier,  the  output  of  which  is  fed  to  the  firing-time 
computer 

9.2.3  Sequential  Blocking  Gates 


(C) 


The  signatures  of  some  types  of  shell  are  bimodal  and  yjleld 

This  re- 


two  output  pulses  from  the  sally  amplifier,  (section  9,1.3). 
suits  in  the  improper  operation  of  the  Miller  sweep  circuits  which  are 
used  in  the  firing-time  computer.  By  interposing  bistable  multivibra¬ 
tors  between  the  outputs  of  the  sally  amplifiers  and  the  computer  inputs, 
it  is  possible  to  allow  the  first  pulse  for  each  fence  to  reach  the  com¬ 
puter  while  blocking  all  subsequent  ones  ,  An  automatic  reset  generator 
was  added  to  this  inhibiting  circuitry  so  as  to  facilitate  the  computer 
calibration  procedure  from  a  repeated  series  of  pulses. 


(C)  Figure  9-13  is  a  block  diagram  and  figure  9-14  a  schematic  of 

the  inhibiting  circuitry.  M-1 ,  M*2,  M-4,  and  M-6  are  bistable  multivibra¬ 
tors  which  function  as  trigger  generators,  M-3  and  M-5  are  bistable  multi¬ 
vibrators  functioning  as  pass  gates;  M-T  is  a  monostable  multivibrator  which 
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Plgvire  9-11.  Diode  "OR"  circuit 
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Figure  9-12.  Height  fence  "OR"  circuit 
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Figure  9-13.  Block  diagram  of  sequential  blocking  gates 
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delivers  a  reset  pulse  approximately  60  msec  after  the  firing  pulse  is 
delivered;  A  is  an  input  amplifier  for  the  firing  pulse  out  of  the  com¬ 
puter;  and  KPg  are  firing  pulse  output  cathode  followers  to  supply 

positive  and  negative  pulses  to  a  microflash  and  other  equipment  which 
has  been  used  in  the  field  tests. 

(S)  The  operation  of  the  circuit  may  be  best  understood  with 

reference  to  the  wave  shapes  shown  in  figure  9-15,  Bistable-multivibra¬ 
tor  trigger-generators  M-1,  M-2,  and  M-4  supply  trigger  pulses  to  the 
firing-time  computer  upon  receiving  the  T^,  Tj^  and  T2  pulses  from  the 
respective  detecting  fence.  M-6  will  deliver  a  firing  pulse  to  the  micro¬ 
flash  and  other  test  equipment  (or  the  high-voltage  firing  circuit  in  the 
‘  case  of  an  actual  live  firing)  at  the  proper  time  Tj,  as  described  earlier 
in  this  report.  None  of  the  above  trigger  generators  will  function  on  any 
but  the  first,  pulses  out  of  their  respective  detecting  fences  until  they 
are  reset . 

(C)  M-3  and  M-5  are  also  bistable  multivibrators  but  function  as 

pass  gates.  M-3  is  set  by  the  Tj^  pulse  and  is  reset  by  the  T2  pulse.  MPt4 
being  designed  to  trigger  only  on  the  reset  of  M-3.  In  order  that  M-6 
deliver  a  firing  pulse,  it  must  first  be  set  by  M-5  which  is  triggered  by 
T2.  Therefore,  no  firing  pulse  will  be  generated  unless  the  proper  se¬ 
quence  of  pulses  are  received  at  Tj,  T2,  and  Tp  and  in  that  order.  This 
also  acts  as  a  protective  measure. 

(C)  It  is  possible  to  eliminate  M-3  and  M-5  and  still  obtain  the 

sequencing  effect  by  interconnecting  M-1,  M-2,  M-4,  and  M-6  in  a  slightly 
different  way.  For  the  field  test  application,  the  added  complication  was 
worth  while  because  it  supplied  positive  indication  of  the  receipt  of  a 
given  pulse. 

(U)  Indicator  la.mps  were  added  to  the  bistable  multivibrators  to 

indicate  whether  the  trigger  generators  and  blocking  gates  are  in  the  re¬ 
quired  initial  state  for  proper  operation, 

9.3  Size  Discrimination 

(S)  The  Dash-Dot  System,  as  described  thus  far,  reacts  to  the  nose  of  a 
Shell  as  it  penetrates  one  or  more  of  the  detection  pickets,  without  re¬ 
gard  to  diameter,  shape,  or  length  of  the  shell.  In  addition  to  protecting 
an  armor  plate  against  anti-tank  rounds,  the  system  is  expiepted  to  be  cap¬ 
able  of  discriminating  between  disabling  and  non-disabling  rounds  and  of 
disregarding  non-disabling  ones,  especially  small-arms  fire.  The  specifi¬ 
cations  require  the  system  to  ignore  all  rounds  less  than  50  mm  in  diameter. 

(S)  Several  methods  of  effecting  size  discrimination  have  been  considered 
and  discarded  as  impracticable.  The  earliest  attempt  sought  to  relate  the 
number  of  traversed  pickets  in  any  fence  to  (a)  the  angle  of  attack  (b) 
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NOTES 

1.  All  capacitors  are  in  except  as  specified. 

2.  Input  signals  Tq,  T|  and  are  -lO  volts. 

3.  All  tubes  are  12  AT  7. 

4.  All  resistors  in  ohms. 


Figure  9-14.  Sequential  blocking  gate  circuitry 
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the  round  calibre,  and  (c)  the  "attack  attitude"  (section  3.5.4).  By  set¬ 
ting  up  a  unique  correspondence  between  the  number  of  pickets  actually 
traversed  and  parameters  a,  b,  and  c  above,  a  detailed  analysis  was  made 
on  the  ability  of  such  a  scheme  to  unambiguously  reject  objects  of  less 
than  20  mm  diameter  while  accepting  all  objects  of  greater  than  57  mm  diam¬ 
eter.  This  analysis  produced  the  result  that  such  a  geometrical  scheme 
would  work  only  in  the  region  from  0  to  10  deg  angle  of  attack  and  again  in 
the  region  from  45  to  60  deg,  but  would  be  useless  in  the  intermediate-  re¬ 
gion  from  10  to  45  fteg.  With  these  results,  further  attempts  at  a  purely 
geometrical  scheme  were  discarded. 

(S)  Since  shell  diameters  rise  about  proportionally  to  shell  lengths, 

another  contemplated  method  would  have  computed  the  length  from  the  time" it 
takes  the  shell  to  travel  its  own  length,  that  is,  to  traverse  a  fence,  which 
would  have  to  be  measured  for  this  purpose,  and  from  its  velocity  which  has 
to  be  determined  anyway  in  the  firing-time  computer.  In-  this  method,  shells 
below  a  certain  length  would  be  ignored. 

Fast-scanning  methods  were  also  considered,  but  the  simplicity 
of  the  method  actually  employed  and  described  in  the  next  section  dictated 
its  use  over  the  more  sophisticated  ones  because  it  does  not  require  any 
major  system  modifications. 

9.3.1  Size  Discrimination  Analysis 


(S)  The  characteristics  of  various  anti-tank  rounds  were  analyzed 

and  it  was  found  that  anti-tank  rounds  larger  than  57  mm  in  diameter  had 
a  shell  transit  time  greater  than  200  ^sec,  the  transit  time  being  defined 
as  the  time  required  for  a  shell  to  travel  its  own  length,  while  rounds 
having  a  lesser  diameter  have  transit  times  less  than  200  ^isec.  While  it 
is  felt  that  this  analysis  may  not  hold  for  all  of  the  anti-tank  rounds 
an  enemy  may  possess,  it  would  certainly  be  true  for  a  large  majority  of 
them.  The  analysis  of  typical  U.S.  shell  is  shown  in  table  9-l»  The 
size  discrimination  method  is  therefore  based  on  accepting  all  rounds 
having  a  transit  time  greater  than  200  ^x^ec  and  ignoring  all  rounds  having 
a  lesser  transit  time. 

(C)  The  theoretical  output  signal  that  could  be  expected  from  a 

fast  response  photocell  as  a  shell  passed  through  a  detection  picket  would 
be  approximately  a  square  wave,  the  rise  of  which  would  correspond  to  the 
nose  entering  the  picket  and  the  fall  corresponding  to  the  tail  leaving  the 
picket  beam.  The  PbS  cells  that  are  used  in  this  system  have  a  relatively 
slow  response  and  therefore  the  output  waveform  is  distorted  (see  section 
9.1). 

(C)  The  shell  signature  information  obtained  from  these  cells  is 

fed  to  the  sally  amplifiers,  the  input  stage  being  an  emitter  follower 
used  to  couple  the  cells  to  the  amplifiers.  The  size  discrimination  cir¬ 
cuit,  shown  in  figure  9-16,  OR's  seven  emitter  follower  output  stages 
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Table  9.1.  Anti-Tank  Rounds  and  Transit  Times 


Diameter 

(mm) 

Shell 

Shell  Use 

Velocl ty 
(ft/sec) 

Length 

(in.) 

Transit  time 
(|isec) 

20 

AP-T  M95 

Armor 

2800 

3-27 

97 

37 

APO-T  M59A 

Armor,  Shot 

2050 

4.71 

191 

37 

AP-T  M30 

Armor,  Shot 

1825 

4.24 

194 

37 

APC-T  M51 

Light  Armor 

2900 

6.36 

183 

40 

AP-T  MlAl 

Armor 

2870 

6.17 

180 

57 

HE-T  M303 

Blast  and  Frag. 

2700 

10-63 

326 

57 

APC-T  M86 

>!p.ti-Tank 

2700 

11-24 

347 

57 

HEAT  M307 

Anti-Tank 

1200 

7.85 

544 

75 

APC-T  M61 

Armor 

2030 

.11.17 

604 

75 

HEAT-T  M66 

Anti-Tank 

1000 

15-90 

1327 

76 

HEAT-T  M62 

Anti-Tank 

2600 

13.78 

422 

76 

HVAP-T  1193 

Heavy  Armor 

3400 

11.00 

269 

90 

APC-T  M82 

Heavy  Armor 

2800 

16.19 

503 

90 

AP-T  M77 

Heavy  Armor 

2700 

10.00 

308 

90 

HVAP-T  M304 

Very  Heavy  Armor 

3350 

13.20 

308 

105 

HEAT-T  M67 

Anti-Tank 

1250 

20.05 

1340 
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while  maintaining  their  individual  Identities.  The  signals  are  amplified 
in  the  first  three  transistor  stages.  They  are  then  differentiated,  re¬ 
sulting  in  a  positive  nose  pulse  that  is  not  well  defined  and  a  negative 
tail  pulse  that  is  well  defined.  The  pulse  is  further  amplified  while  the 
nose  pulse  is  Inhibited  by  the  coupling  diode  in  the  last  stages.  The 
nose  pulse  is  more  accurately  supplied  from  the  sally  amplifier  (section 
9.1.3)  . 


(U)  The  oscilloscope  traces  shown  in  figure  9-17  are  typical. 

The  top  trace  is  the  tail  pulse;  the  trace  immediately  below  it  is  the  out¬ 
put  of  the  amplified  signatures  in  IJic  size  discriralnation  circuit.  The 
lower  two  traces  ai-o  individual  sliell  si.^natures. 


(C)  If  the  full  experimental  system  is  used  which  contains  84  detec¬ 

tion  pickets  in  any  one  fence,  the  size  discrimination  circuit  would  be  cap¬ 
able  of  adding  the  signals  from  14  pickets  before  cell  noise  becomes  signif¬ 
icant.  Therefore,  six  identical  circuits,  whose  outputs  are  tied  to  a  com¬ 
mon  point,  would  be  used  to  cover  the  first  fence.  In  the  simplified  sys¬ 
tem  however,  in  which  only  one  7-picket  subfence  (section  5.1)  was  used  in 
each  fence,  the  size  discrimination  circuitry  was  connected  to  the  seven 
pickets  of  the  first  velocity  subfence. 


9.3.2  Size  Discrimination  Logic  Circuitry 

(S)  The  system  is  required  to  ignore  all  rounds  of  less  than  50  mm 

in  diameter,  that  is,  all  rounds  having  a  transit  time  less  than  200  psec. 
Furthermore,  it  is  desired  that  the  firing  circuit  be  de-energized  unless 
an  attacking  round  is  dangerous.  The  block  diagram  and  the  schematic  of 
the  logic  circuitry  that  accomplishes  this  are  shown  in  figures  9-l8  and 
9-19. 


(C)  A  nose  pulse  from  the  sally  amplifiers  triggers  a  200-psec 

monostable  multivibrator,  whose  output  is  differentiated  and  clipped,  re¬ 
sulting  in  a  200-psec  delayed  pulse  that  triggers  the  first  100  msec  pass 
gate.  This  pass  gate  is  aleo  a  monostable  multivibrator,  the  output  of 
which  is  applied  to  the  first  AND  circuit. 

(C)  Subsequent  to  the  nose  pulse  from  the  pass  gate,  a  tail  pulse 

is  obtained  from  the  size  discrimination  circuit  and  applied  to  the  first 
AND  circuit.  The  tail  pulse  will  pass  through  the  first  AND  circuit,  if 
the  first  pass  gate  pulse  is  also  present.  If  the  tail  pulse  occurs  less 
than  200  pkec  after  the  noise  pulse,  it  cannot  pass  the  first  AND  circuit. 
Therefore,  only  those  pulses  representing  a  shell  transit  time  greater  than 
200  |isec  can  trigger  the  second  100  msec  pass  gate  which  allows  a  firing 
pulse  to  pass  through  the  second  AND  circuit . 

(C)  The  firing  circuit  is  energized  only  if  the  following  conditions 

have  been  met : 
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Direction  of  travel 

.  Tail  pulses  and  shell 


signatures 


Figure  9-17 
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Figure  9-18.  Block  diagram  of  size  discrimination  logic  circuitry 


200 /i  SEC  +300V  100  MS 


Figure 
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a)  A  Tq  pulse  must  be  present; 

b)  A  tail  pulse  must  be  present  more  than  200  jisec 

later  than  the  pulse; 

c)  A  firing  pulse  must  be  present  after  a  tail  pulse 

occurs . 


9 .4  K  Factor 

(S)  The  equation  that  determines  the  firing  time  of  the  defending  charge 
has  been  shown  to  be  (section  3) 


AT^  -=  —  AT,+ 


^1  ATg 


d_  “*1^V  tan  ^  AT, 
1  c  '  1 


-  AT„ 


_h 

V 

c 


ATj  in  this  equation  determines  the  time  at  which  a  defending  charge  shall 
be  fired  in  order  to  impact  an  approaching  round  when  the  round  has  traveled 
a  constant  distance  from  the  second  detection  fence  normal  to  and  beyond  the 
line  charge  plane.  The  computer  supplies  a  firing  pulse  to  the  line  charge 
when  the  shell  is  at  a  distance 


c 


along  the  trajectoi^,  from  the  nose  position,  shown  in  figure  9-20,  where 

h  is  the  height  of  the  trajectory;  V  is  the  effective  fragment  velocij:y 

of  the  defending  charge,  and  V  is  tSe  velocity  of  the  approaching  round. 

The  position  of  the  shell 's nose  is  a  variable,  being  a  function  of  h  and 

V  ,  but  when  they  are  hit  they  are  all  in  the  same  plane, 
m 

(S)  The  incompleteness  of  the  firing-time  equation  becomes  more  apparent 
from  figures  9-21  and  9-22.  Figure  9-21  is  a  schematic  drawing  of  a  few 
projectiles  the  system  must  defeat  and  figure  9-22  is  a  schematic  of  repre¬ 
sentation  of  three  shells  of  different  lengths,  having  an  attack  angle  of 
zero  and  sixty  degrees.  The  distances  d^  and  d^  are  constants  in  the  fir¬ 
ing-time  equation,  the  latter  being  the  distance  from  the  second  detection 
fence  to  the  nose  position.  If  it  be  decided  that  the  nose  position  is  to 
be  12  inches,  for  example,  beyond  the  defending  charge  in  order  to  impact 
shell  A  at  its  most  vulnerable  point,  it  can  be  seen  that  shell  B  and  C 
would  not  be  defeated  in  the  zero-degree  approach.  In  addition,  in  the 
Sixty-degree  approach  none  of  the  shells  would  be  defeated.  It  is  quite 
obvious  then  that  the  equation  must  be  modified  by  a  term  which  will  in¬ 
clude  the  length  of  the  shell  as  well  as  the  angle  of  approach.  This  term 
is  subsequently  referred  to  as  the  K  factor. 
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Figure  9-20.  Various  shell  .height  trajectories 
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Figure  9-21.  Shells  specified  for  feasibility  test 
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Figure  9-22.  Influence  of  shell  length  snd  orientation  without  K  factor 
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(S)  If  it  is  assumed  that  all  shells  must  be  hit  near  the  center  as 
shown  in  figure  9~23,  then  the  distance  dg  must  be  made  a  function  of 
the  length,  L,  of  the  shell  and  angle  0  of  approach.  The  first  term 
of  the  equation  for  the  firing  time  will  then  be 


d-  ^6d 


AT, 


where  fid  =  kL  cos  9,  k  being  a  fraction  of  the  shell  length  L  refer¬ 
enced  to  the  nose,  and  d’  being  the  distance  from  the  second  detection 
fence  to  the  defending  charge-line.  The  complete  equation  is  now: 


d’  +  kL  cos  0  dj^  ATg 

^f  ~  dl  ^"^l  V  tan  (it  S, 

1  Cl 


AT„ 


(9.7) 


where  the  first  term  can  be  written  as 


^AT  +  a_S25_i  AT, 

dl  1  1 


The  term 


kL  cos  0 


ATj^  is  the  K-f actor.  A  voltage  proportional  to 


H  '^2 

—  AT-  is  obtained  in  the  same  manner  as  —  AT-  is  generated  (sec- 

di^  1  ^ 

tion  10).  It  is  now  necessary  to  generate  a  voltage  proportional  to 
licXi  COS  d 

- ^ - ATj^,  the  K-factor,  where  L  cos  9  is  determined  by  the  Tq 

pulse  from  the  sally  amplifiers  circuit  and  the  T.^  pulse  obtained 
from  the  size  discrimination  circuit  (see  section  9.3.2),  The  time 
T*  "  =  AT.,  is  the  time  Interval  between  the  nose  and  tail  pulses; 

\  L 

then  V  =  - where  V  is  the  velocity  of  the  shell  and 

m  cos  9  AT.  •’  m 


ATj^^ 

V  is  the  normal  component  of 
for  AT, 

1j 


as  shown  in  figure  9-24.  Solving 


L  cos  9 
V 

n 


but 
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Figure  9-23.  Influence  of  shell  length  and  orientation  with  K  factor 
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Tlierefore,  AT  =  ^  AT, .  Now  then,  multiplying  by  k  and  the  volt- 

li  i. 

age  scale  factor  A,  that  Is  used  in  the  AT^  equation  to  translate  from 
time  to  voltage  (section  10),  gives 

AkL  cos  0 

AkAT,  =  - AT, 

L  dj^  1 

If  a  Miller  sweep  Is  started  with  a  slope  of  Ak  at  T^  and  stopped  at 
T^,  figure  9-25,  a  voltuge  Is  generated  equal  to 

AkL  cos  0 

—  AT^  . 

This  voltage  Is  added  Into  the  conputer  circuit  in  the  same  manner  as  the 
AT2 

term  K„  Is  added  (see  section  10.5). 

2  AT, 


1 
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10.  FIRING-TIME  C(»1P»TER 
J.  E.  Miller 


10.1  General  Considerations 

(S)  In  the  Dash-Dot  system  it  is  necessary  to  know  the  velocity, 
height,  and  angle  of  attack  of  the  approaching  missile  in  order  to  be 
able  to  defeat  it.  The  problem  of  the  angle  of  attack  is  one  of  charge 
selection  and  is  covered  in  section  11. 

(C)  In  the  sensing  system  complex,  three  pulses  are  generated  at  times 
Tq,  T^  and  T  (figure  10-1)  which,  due  to  their  relative  time  displace¬ 
ments,  provide  information  as  to  the  velocity  and  height  (in  relation 
to  the  datum  plane)  of  the  attacking  missile. 

(S)  The  time  T^,  at  which  the  proper  defending  charge  must  be  detonated 
to  intercept  the  attacking  missile,  is  related  to  the  three  pulse  times 
by 

at 

AT^  =  4.71  ATj^  +  3.43  x  lO"^  ^  -AT^ 

-  7.50  X  lo"'^  [sec]  (section  3.3)  (10.1) 


where 


10.2  Transformation  of  Firing-Time  Equation  to  Voltages 

(S)  Equation  (10.1)  is  based  upon  the  physical  parameters  of  the  system 
geometry.  Since  the  computer  must  operate  with  voltage,  the  equation 
must  be  multiplied  by  a  conversion  factor  "a"  [volts/sec]  such  that: 

AAT„  +  A  AT  +  A  X  7.50  X  lO"'*  =  A  X  4.71  AT^  +  A  X  3.43  X  lO"**  AT„AT,  (10.2) 

X  J.  A  X 
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(S)  The  value  of  A  depends  upon  two  factors;  1)  the  dynamic  range  of 
the  computer,  and  2)  the  accuracy  which  must  be  obtained.  For  example, 
let  the  maximum  dynamic  voltages  be  230  v  and  AT-^  max  =  833.3  psec 

and  AT,,  =  1666.7  psec,  corresponding  to  a  missile  in  the  sensing 

system  with  a  velocity  of  1200  fps  at  a  height  of  17  in.  Therefox'e, 

230  V  =  A  ^4,71  AT^ 

4 

A  =  4.99  x  10  v/sec 

The  equation  for  the  firing  time  (equation  10.3)  as  used  in  the  com¬ 
puter  is  thus: 

AT 

4.99  X  lo'*  AT^  =  23.5  x  lo"*  AT^^  +  17.1  ^  (10.4) 


max 


+  3,43  x  10 


AT 

■4  2  qaxN 


AT. 


1  max 


(10,3) 


-  4.99  X  10“*  ATg  -  37,4  [yolts|J 

The  validity  of  using  this  value  of  A  in  respect  to  the  required  ac¬ 
curacy  is  discussed  in  section  10.7. 

(U)  The  terms  in  equation  (10.4)  are  represented  in  time  as  shown  in 
figure  10-2.  The  function  23,5  x  10^  aT^  is  a  straight  line  in  the 
interval  ATj^  and  a  constant  thereafter.  Also  4.99  x  10^  ^^^2  ^ 
is  a  straight  line  function  in  the  consecutive  intervals  ATg  and  AT^. 

The  constant  37.4  v  is  a  displacement  from  the  base  line,  which  in  this 

case  is  considered  as  the  +E..  bus  voltage.  The  division  is  performed 

bb 

by  an  analog-digital  divider  which  generates  a  npmber  of  pulses,  the 
sum  of  which  is  proportional  to  the  ratio  ATg/ATj^.  The  process  will 
be  more  fully  explained  in  section  10. 6, 

10.3  Computer  Operation 


(W)  The  block  diagram  of  the  computer  is shown  in  figure  10-3,  and  a 
schealiltlc  in  figure,  10-4.  The  computer  requires  various  gates  which  are 
activated  in  different  intervals  of  time.  The  T,,  pulse  activates  the 
(Tj^  -  T^)  gate  which  generates  a  positive  gate  in  the  interval.  The 

T^  pulse  terminates  the  (T^^  -  T^)  gate,  but  at  the  same  time  it  activates 

the  (T^  -  Tj^)  gate  which  is  a  positive  gate  in  the  (T^  -  Tj^)  interval. 
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Figure  10-2.  Functions  generated  in  firing-time  computer 
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3  AND  I/2W  UNLESS  OTHERWISE  SPECIFIED. 
ESS  OTHERWISE  SPECIFIED. 


The  Tj^  pulse  also  activates  the  (T^  ”  Tj^)  gate  which  Is  also  a  positive 

gate  In  the  Interval  (T^  -  .  When  the  pulse  Is  generated  by  the 

sensing-system  complex,^!!  is  used  to  terminate  the  (T^  -  Tj^)  gate. 

When  the  T  pules  is  generated  by  the  computer  it  Is  used  to  terminate 
the  (T^  -  gate;  however,  due  to  the  design  of  the  gate,  this 

feature  is  not  required  to  reset  the  gate.  The  computer  also  requires 
a  gate  which  runs  from  to  T^,  thus  generating  a  (T^  -  T^)  gate. 

This  Is  most  easily  generated  by  using  an  "OR"  circuit  to  pass  the 
(Tj^  -  Tq)  gate  or  the  (T^  -  T^^)  gate,  whichever  is  the  most  positive. 

10.4  Divider  Operation 

(U)  The  output  of  the  "OR"  gate  circuit  is  used  to  activate  the 
Kq  AT^  generator.  This  generator  (K^  At^^)  also  requires  a  (T^^  -  T^) 

gate  which  allows  the  generator  to  generate  a  voltage  eqiual  to 

When  the  (T^^  -  T.)  gate  terminates,  the  generator 

functions  from  that  of  generation  to  storage.  The  value  of 
Kq  ATj^  Is  then  stored  until  the  time  T^.  The  output  of  the 

generator  Is  fed  to  a  comparator.  The  (T  “  T  )  gate  is  used  to  turn 

on  the  triangle  generator  (see  see  10.8).  The  output  of  the  triangle 
generator  is  fed  to  two  separate  comparal^rs,  one  to  detect  the  time 
at  which  the  output  attains  the  value  oft250-KQ  At^^  volts,  and  the 

other  to  detect  the  time  it  attains  the  value  of  +250  v.  When  the 
output  of  the  triangle  generator  approaches  the  value  250-K_  AT^ ,  a 
pulse  is  generated  by  the  comparator  (V9)  which  is  amplified  and  shaped 
and  used  to  reverse  the  state  of  the  gate  generator  multivibrator. 

This  reversal  in  state  is  used  to  change  the  slope  of  the  triangle 
generator  from  a  negative  value  to  a  positive  value.  As  the  output 
of  the  triangle  generator  approaches  +250  volts,  the  comparator  V8 
generates  a  pulse  which  is  amplified  and  shaped  and  used  to  reverse 
the  state  of  the  gate  generator  multivibrator.  The  slope  of  the 
triangle  then  switches  from  a  positive  value  to  a  negative  value.  This 
process  is  continued  throughout  the  period  T  -  T  .  The  ratio  A^o/AT, 

is  obtained  as  the  number  of  the  pulses  obtained  from  the  gate  gener¬ 
ator  multivibrator, 

(U)  Since  the  triangle  generator  will  start  to  function  only  with  a 
negative  slope,  it  must  be  insured  that  the  gate  generator  multi¬ 
vibrator  is  in  the  proper  state.  For  this  reason,  the  pulse  is 
fed  into  one  side  of  the  gate  generator  multivibrator  to  set  the  gener¬ 
ator  in  the  proper  state. 


swltcnes 


171 


CONnOENM 


g  (K^  ATj^  +  Kg  ATg/AT^)  Generator 


(U)  The  output  of  the  ”or”  gate  cii'cuit  activates  the  function  generator 
during  the  interval  Tj  -  T^.  The  presence  of  the  (Tj^  -  T^^)  gate  in  the 

interval  allows  the  circuit  to  generate  the  function  ATj^.  When  the 

(Tj^  -  Tq)  gate  terminates,  the  circuit  switches  from  the  generator  to 

the  storage  state.  In  the  interval  T2  -  Tj^,  the  pulses  from  the  gate 

generator  multiv;Lbrator  are  fed  to  the  function  generator  which  then  has 
the  form  of  a  di^jital-analog  converter  due  to  the  circuitry  configuration 
(see  section  8.8).  In  this  way,  the  functions  ATj^  +  Kg  AT2/AT2  are 

generated.  The  output  of  this  function  generator  is  fed  to  the  Amplified 
Direct-boupled  Diode  Comparator  (ADCD£^— 10.9). 

10  6  ^^3  ^  ^  I^^nction  Generator 


<C)  The  output  of  the  (T^  -  T^^)  gate  is  used  to  initiate  the. 

+  ATg  +  AT^)  function.  The  constant  Kg  is  merely  a  shift  iJl  the 

starting  point  of  the  sweep.  The  output  of  the  generator  is  also  fed 
to  the  ADCDC,  which  detects  the  time  at  which  the  two  functions. 

Kg  +  ATg  +  ATj  and  K^^  AT^^  +  Kg  ATg/AT^^, 

are  equal  in  magnitude.  At  this  time,  which  is  the  desired  firing  time 
Tj,  the  firing  pulse  is  generated. 

10.7  Computer  Design 

(C)  The  accuracy  of  the  system  and  therefore  of  the  computer  is  defined 
as  the  maximum  tolerable  error  in  the  position  of  the  missile  when  the 
firing  pulse  is  generated.  With  the  missiles  provided  for  the  -feasi¬ 
bility  test,  the  accuracy  of  the  computer  was  limited  to  ±  1/2  in. 

This  corresponds  to  a  maximum  permissible  error  in  time  Tg  of  the  firing 
time  Tj  and  is  given  by: 

T  =  ^  sec  (10. 

e  V 
m 

where  AD  Is  the  maximum  displacement  error  of  the  missile  in  feet^  and 
Vm  is  the  attacking  missile  velocity  in  feet  per  second.  For  a  missile 
with  a  velocity  of  5000  fps,  the  error  must  be  no  greater  than  ±8.3  psec 
(see  figure  10-5). 
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(C)  Since  the  maximum  error  is  limited  to  ±  8.3  |isec  for  a  5000  fps 
missile j  the  comparator  must  operate  with  an  error  voltage  V  of  less 

than  V  =  8.3|j.sec  4.99  X  10  V/  =  0.414  v.  The  silicon  diodes 
e  ^  (jisec 

used  as  the  main  comparators  have  a  region  of  uncertainty  of  0.6  v. 
However,  since  both  the  reference  voltage  and  the  input  signal  e^ 

are  amplified  by  the  differential  amplifier,  the  region  of  uncertainty 
of  the  diodes  is  effectively  reduced  by  the  gain  of  the  amplifier.  A 
nominal  gain  of  20  can  be  assumed  for  the  amplifier.  Therefore,  the 

region  of  uncertainty  is  reduced  to  ±  0.-6/20  =  ±  .03  v  which  is  well 
within  the  permissible  error. 

(U)  The  high  degree  linearity  required  for  accuracy  in  the  computer 
dictates  the  choice  of  Miller  sweep  circuits  (figure  10-6)  which  com¬ 
bine  high  linearity  and  simple  circuitry.  The  dynamic  output  voltage 
of  a  Miller  sweep  may  be  expressed  as; 

e  =  E^.  t/RC  (10.6) 

p  Db 

The  form  of  the  equation  Just  shown  is  similar  to  the  form  of  the  com¬ 
puter  equation  in  the  active  intervals,  so  that  the  coefficients  may  be 
equated  to  determine  the  physical  values  of  R  and  C. 


10.8  Divider  Design 

(U)  The  division,  as  mentioned  previously,  is  a  quantized  division 
where  the  number  of  pulses  out  of  the  divider  is  in  proportion  to  the 

ratio  .  The  division  is  done  using  a  circuit  which  generates 

A  X 

the  waveforms  shown  in  figure  10-7.  First,  a  voltage  Kp  is  gener¬ 
ated  which  sets  a  reference  level,  than  a  triangle  generator  is  initi¬ 
ated  whose  period  is  a  function  of  AT^^.  Defining 


tan  a  =  AT  /nK  AT 

A  O  X 


(10.7) 


then 

n  =  lAptan  a  .  AT^/AT^^ 


(10.8) 


which  shows  that  the  number  of  comparison  points  at  e  =  E. .  and 

p  bb 

e  =  -  AT,  +  E, ,  is  a  digital  indication  of  the  ratio  AT./AT, . 

p  U  1  DD  2  1 

The  gate  which  switches  the  slope  of  the  triangle  generator  is  also 
used  to  drive  an  operational  step  generator*  (see  figure  10-8).  The 
operational  step  generator  is  used  to  convert  the  digital  representa¬ 
tion  of  ATg/ATj^  to  an  analog  representation. 


*J.  Hillman,  H.  Taub,  Pulse  and  Digital  Circuits,  Mc-Graw-Hill  Book  Co.,  N. 
1956,  page  467. 
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(U)  A  unique  feature  of  the  function  generator  is  the  method  by  which 
the  value  of  the  function  is  stored  (see  figure  10-6).  The  circuit  is 
a  conventional  suppressor-gated  Miller  sweep  with  the  exception  of 
diodes  and  D2.  If  the  suppressor  Is  at  -20  v  and  the  cathode  of 

is  at  +  5  V,  then  will  be  reverse  biased^  D2  forward  biased,  and  the 
grid  of  the  Miller  sweep  will  be  in  clamp  due  to  the  plate  current  cut¬ 
off.  Assume  the  suppressor  of  is  brought  to  0  volts;  the  plate 
voltage  will  drop  according  to 


®p  (8  +  Rpjj  )C  ^  \b* 

2 

After  a  time  T,  a  voltage  of  -10  v  is  applied  to  the  cathode  of 
causing  11^  to  become  forward  biased  and  D2  to  become  reverse-biased. 
Therefore  r  00 ,  causing 


(10.9) 


e  =  - 
P 


\b^ 

(R  + 


(10.10) 


which  is  a  constant  after  the  interval  T. 

(U)  The  triangle  generator,  figure  10-9,  as  used  in  the  divider,  uses 
the  same  principle  as  the  Miller  sweep  with  storage.  Asstune  the  sup¬ 
pressor  grid  of  is  at  -20  v  and  the  slope  gate  voltage  is  at  +  5  v; 

is  reverse  biased,  D2  forward  biased,  and  D4  reverse  biased,  and  the 
grid  of  Vi  is  in  clamp.  A  positive  gate  is  then  applied  to  the  suppres¬ 
sor  of  Vi  causing  the  plate  voltage  to  drop  as 


_ P  D  .  r, 

'p  “  (Rj^  +  rpjj  )C  ^b' 


(10.11) 


A  voltage  of  -10  v  is  applied  at  time  T  to  the  slope  gate;  is  then 
forward  biased  and  D„  is  reverse  biased,  causing  r  -►  00  ,  but  at 

z  eo2 

the  same  time  D4  becomes  forward-biased,  leading  to 


(Rl  +  rpjj^)C 


®bb 

<®2  +  ^PD 

4 


(10.12) 


If  this  process  is  continued  the  triangular  wave  is  generated. 
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10,9  Comparators 

(C)  Two  types  of  comparators  are  used  in  the  firing-time  computer, 
depending  upon  the  accuracy  required.  They  are  the  cathode-coupled 
difference  amplifier,  figure  10-10,  and  an  amplified  direct  coupled 
diode  comparator  (ADCDC),  figure  10-11, 

(U)  In  the  cathode-coupled  difference  amplifier  comparator,  the  plate 
current  cutoff  of  one  tube  (V^^)  is  used  to  indicate  the  time  at  which 

the  input  signal  e^  approaches  E^,  Two  serious  drawbacks  of  such  a 

comparator  are  that  the  grid-to-cathode  voltage  for  plate  current  cutoff 

is  a  function  of  plate-to-cathode  voltage  and  also  of  filament  voltage. 

Since  there  is  a  large  fluctuation  of  plate-to  cathode  voltage  due  to 

the  large  djmamic  range  of  E  ,  it  is  obvious  that  the  accuracy  of  the 

comparison  will  be  affected,  A  preliminary' analysis  of  this  comparator 

shows  that  for  a  shift  of  E  from  250  v  to  50  v  the  shift  in  the  com- 

1* 

parison  point  will  be  approximately  0.5  v  which  seriously  affects  the 
accuracy  of  the  computer. 

(0)  The  ADCDC  is  designed  to  reduce  the  errors  that  are  due  to  the 
large  dynamic  range  of  E  and  filament  voltage  fluctuations.  In  the 
ADCDC,  the  above  errors  are  theoretically  zero  because  of  the  balanced 
feature  of  the  comparator.  It  requires  only  that  when  the  difference  in 
grid  voltages  is  zero,  the  difference  in  plate  voltages  must  also  be  zero. 
The  waveshapes  as  used  in  the  comparator  are  illustrated  in  figure  10-12, 
The  peak  of  the  triangle  of  e^  is  the  point  at  which  e^  =  E^.  By  differen¬ 
tiating  the  triangle  the  peak  can  be  determined. 

10.10  Gates 

<U)  The  gates  used  in  the  computer  are  of  the  monostable  multivibrator 
type,  figure  10-13.  This  type  is  used  due  to  the  automatic  reset  which 
allows  the  computer  to  be  ready  to  function  even  as  shortly  as  10  msec 
after  a  transient  in  one  channel. 

10.11  Computer  Adjustment 

(U)  The  adjustment  of  the  computer  is  accomplished  by  inserting  ac¬ 
curately  defined  time  differentials  T^  and  T  into  the  computer  and 
by  adjusting  the  appropriate  trimmers  so  that  the  T^'s  supplied  by  the 
computer  equal  those  calculated  numerically  from  the  firing-time  equa¬ 
tion  (10.13)  in  section  3.6.  andATg  are  taken  from  a  time  differ¬ 
ential  generator. 


>0  CONROENTIAL 

This  document  contains  InformaHon  affecting  the  national  defense  of  the  United  States  within  the  meaning  of  the  espionage  laws,  title. 
1 8  U.  S.  C  ,  793  and  79^.  Its  transmission  or  the  revelation  of  its  contents  in  any  manner  to  an  unauthorized  person  is  prohibited  by  law. 


182 


Figure  10-11.  Amplified  direct- 
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(U)  The  following  procedure  Is  applied  to  adjust  the  divider 
(section  10.8). 

1.  AT^  Is  set  to  800  psec  and  AT*  to  400  psec. 

2.  Kq  ATj^  Is  so  adjusted  that  the  total  sweep  voltage 
of  the  Kq  AT^  generator  is  195  v. 

3.  K  AT^  and  -K  AT^  are  adjusted  so  that  each  half-period 
of  the  triangular  wave  is  20  paec. 

(U)  With  the  divider  adjusted,  the  main  functions  may  now  be  adjusted. 
There  must  be  three  sets  of  times  AT^,  AT^  and  AT^  to  uniquely  de¬ 
termine  constants  of  the  computer,  since  there  are  three  Independent 
constants  In  the  equation.  The  following  procedure  Is  followed: 

1.  AT^  Is  set  to  200  psec  and.AT^  100  psec.  Is  adjusted 

so  that  AT^  Is  264  psec,  as  required  by  the  firing-time 
equation. 

2.  AT^  and  AT^  are  set  to  200  psec  and  400  psec  respectively. 

AT^/^T^  Is  so  adjusted  that  AT^  Is  479  psec . 

3.  AT^  and  AT^  are  both  set  to  800  psec.  Hie  AT^'^^lmmer  so 
adjusted  that  AT^  Is  2559  psec. 

4.  The  above  operation  Is  repeated  until  the  computer  Is 
adjusted. 

10. 12  Field  Test  Results 

(S)  In  field  tests  conducted  at  the  DOFL  Test  Area  the  computer  was 
tested'  with  rounds  whose  velocity  ranged  from  1400  fps  to  2600  fps. 
Over  this  range  of  velocity  the  computer  exhibited  an  average  error 
of  -0.20  Inches  ±  0.35  Inches  In  determining  the  proper  point  at  which 
to  Initiate  the  line  charge  to  defeat  the  attacking  missile. 

Figures  10-14,  10-15,  and  10-16  are  front,  top,  and  bottom 
views  respectively,  of  the  completed  computer. 
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Figure  10-14.  Front  view  of  firing-time  computer 
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Figure  10-15.  Top  view  of  firing-time  computer 
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11 .  CMARQjE-SELECTING  COMPUTER 
W.  Moore 


*  (S)  The  charge-selecting  computer  was  designed  and  built  under  contract 

by  International  Business  Machine  Corporation^  Federal  Systems  Division^ 
Kingston^  New  York,  Its  purpose  was  to  determine  which  defending  charge 
in  the  array  should  be  fired  to  intercept  the  trajectory  of  the  attack¬ 
ing  round. 

11.1  Approach  to  Selection  Problem 

(S)  For  the  system  geometry  used,  the  problem  was  reduced  to  a  geomet¬ 
rical  determination  of  the  various  combinations  of  pickets  in  the  A  fence 
and  B  fence  which  lie  on  any  straight  line  which  passes  through  a  partic¬ 
ular  charge  in  the  array.  Figure  11-1  is  an  illustration  of  this  princi¬ 
ple.  Three  trajectories  are  shown  as  examples.  In  this  case,  trajectory 
No.  1  passes  through  picket  A-12  and  B-10  and  also  over  charge  C-2.  Tra¬ 
jectory  No.  2  passes  through  picket  A-5  and  B-5  andi^this  combination  also 
passes  over  charge  C-2.  Thus,  there  are  many  combinations  of  pickets 
which  lie  on  a  line  which  passes  over  each  particular  charge. 

(S)  For  a  given  geometry  of  pickets  and  charges,  these  combinations  may 
be  tabulated  and  used  to  form  the  basis  of  a  system  for  selection.  The 
total  number  of  combinations  may  be  reduced  by  other  restrictions  on  the 
system,  e.g.,  trajectory  No.  3  in  the  figure  passes  through  A-10,  B-7  and 
charge  C-1,  but  this  trajectory  will  not  intercept  the  defended  plate. 
Under  such  conditions  this  combination  need  not  be  included  in  the  system. 
This  reduces  the  total  number  of  combinations  which  must  be  "stored"  or 
wired  into  the  circuitry. 

(S)  The  selection  is  somewhat  more  complicated  than  this  simple  example 
may  indicate,  because  of  the  finite  widths  of  the  attacking  rounds,  de¬ 
tection  pickets,  defending  charges  and  spacing  between  such  elements. 

(S)  It  can  be  seen  that  an  attacking  round  may,  due  to  its  diameter, 
pass  through  more  than’ one  picket  in  each  fence.  Also,  the  trajectory 
may  pass  between  two  defending  charges.  In  such  cases,  the  system  must 
make  a  choice  between  a  set  of  combinations  and  select  one  of  the  two 
charges,  if  it  is  not  desirable  to  fire  both  charges  simultaneously. 

(U)  The  problem  of  selecting  one  of  many  pickets  traversed  has  been 
attacked  in  this  system  by  choosing  that  picket  which  lies  closest  to  the 
center  of  the  traversed  set,  or,  when  only  two  are  traversed,  by  selecting 
either  the  right  hand  or  left  hand  picket  each  time.  Whether  it  will  be 
the  right  or  left  one,  depends  upon  the  particular  geometry  and  angle  of 
the  attacking  round. 
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Figure  11-1.  Charge  selection  geometry 
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(C)  When  this  selection  has  been  made  the  choise  must  then  be  used  to 
direct  or  "steer"  a  pulse  from  the  firing  time  computer  (section  10)  to 
the  proper  defending  charge,  or  to  the  high  voltage  firing  circuitry 
associated  with  this  defending  charge.  ) 

(S)  The  manner  in  which  this  selection  computer  functions  requires  indi¬ 
vidual  inputs  from  each  of  the  optical  detection  units  in  the  A  fence  and 
the  B  fence.  For  the  feasibility  test  geometry,  there  are  84  optical 
units  in  each  of  these  fences,  making  a  total  of  168  Inputs  to  the  charge 
selection  computer.  The  proposed  system  required  12  defending  charges 
and,  therefore,  directed  its  outputs  into  any  one  of  12  positions. 

11.2  Input  Storage 


Figure  11-2  is  a  block  diagram  of  the  fundamental  sub-units  of  the 
charge  selection  computer  and  their  arrangementi.  As  shown,  it  comprises 
two  input  sections,  one  for  the  A  fence  and  one  for  the  B  fence.  Each 
input  section  consists,  of  84  magnetic  cores  and  associated  drive  circuitry 
for  storing  the  information  concerning  which  optical  pickets  were  int'er- 
cepted  by  the  projectile. 

(U)  Each  input  section  A  and  B  has  an  associated  unit  for  center  resolu¬ 
tion.  The  center  resolution  circuitry  performs  the  functions  necessary  to 
select  the  approximate  center  of  all  inputs  in  a  given  fence  and  then 
clears  all  information  stored  in  the  input  cores  except  that  stored  in  the 
selected  center  input  core.  The  center  selection  made  in  both  A  and  B 
fences  is  then  fed  to  the  charge  selection  matrix. 

(C)  The  charge  selection  matrix  takes  the  A  and  B  information  and  gives 
an  output  corresponding  to  the  desired  charge.  This  output  is  then  fed 
to  the  output  buffer  register  which  stores  the  information  regarding  the 
proper  charge  until  the  firing  pulse  from  the  firing-time  computer  arrives. 
The  output  buffer  register  has  conditioned  the  proper  gate  circuitry  to 
allow  the  firing  pulse  to  be  passed  on  to  the  defending  charge  firing  cir¬ 
cuitry. 

11.3  Center  Resolution 

(U)  It  was  stated  that  under  certain  conditions  the  attacking  round  may 
traverse  several  optical  pickets  in  a  given  fence  and  a  selection  has  to 
be  made  to  find  the  center  picket.  This  is  done  by  the  selection  computer 
in  the  cejtter  resolution  circuitry.  A  block  diagram  of  the  logic  associated 
with  the  center  resolution  problem  is  shown  in  figure  11-3,  The  number  of 
pickets  which  could  be  traversed  is  a  function  of  the  attacking  round  size, 
and  angle  of  attack.  It  was  found  that  the  maximum  number  of  pickets  trav¬ 
ersed  by  existing  ammunition  up  to  106  mm  and  60°  angle  of  attack  was 
fifteen. 
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FOR  STORING  INPUTS 


Figure  11-3.  Center-* resolution  circuitry 


(U)  In  each  fence  A  or  B,  there  are  84  pickets.  The  information  from 
the  individual  pickets  traversed  in  the  A  fence  must  be  retained  until 
the  information  is  received  from  the  B  fence.  This  is  done  by  having  a 
magnetic  core  for  each  picket  in  the  fence.  When  a  picket  is  intercepted 
by  the  attacking  round,  the  state  of  the  core  is  switched  and  held.  Since 
a  maximum  of  15  pickets  can  be  intercepted  in  any  fence,  it  is  possible  to 
switch  15  cores  in  the  A  fence  and  15  cores  in  the  B  fence.  Of  the  15 
cores  set  in  a  given  fence,  it  is  desired  to  select  that  core  which  corres¬ 
ponds  to  the  picket  which  was  closest  to  the  center  of  the  group  covered. 

(U)  In  figure  11-4  is  a  sample  of  how  these  cores  are  arranged.  As 
shown,  each  of  the  inputs  is  associated  with  one  single  core,  84  for  a 
given  fence.  The  readout  lines  are  linked  with  every  ninth  core  in  the 
set.  If  the  maximum  number  of  cores  set  in  a  fence  is  15,  then  there  are 
7  readout  lines  each  with  2  cores  set  and  1  readout  line  with  one  core 
set.  It  will  be  noticed  that  the  readout  line  with  one  core  set  also  cor¬ 
responds  to  the  center  picket  in  the  group  covered.  It  can  be  shown  that 
for  any  number  of  cores  set,  from  1  to  15,  the  desired  core  will  always  be 
on  a  readout  line  with  only  one  set  core. 

(U)  It  is  also  shown  that  every  ninth  input  line  shares  a  common  load 
resistor.  Thus,  there  are  a  total  of  eight  load  resistors.  When  current 
is  driven  through  the  input  line  to  set  a  core,  there  is  a  voltage  drop 
across  its  load  resistor.  These  eight  load  resistors  establish  the  eight 
lines  shown  in  the  logic  diagram  (figure  11-2)  which  connect  the  input 
cores  to  the  input  gates  and  thence  to  eight  flip-flops  in  the  center 
resolution  register.  Each  line  is  associated  with  an  individual  flip-flop. 

(U)  Since  it  is  possible  to  receive  or  set  15  inputs,  all  eight  flip- 
flops  in  the  center  resolution  register  can  be  set.  However,  this  is  not 
permitted  to  happen.  From  the  geometry  and  available  ammunition,  it  was 
determined  that  the  inputs  from  the  adjacent  detection  pickets  traversed 
are  not  received  simultaneously,  but  require  intervals  of  50  jasec  or 
longer.  In  general,  the  picket  which  corresponds  to  the  center  line  will 
be  one  of  the  first  traversed.  An  interval  of  time  approximately  3  to  4 
psec  after  the  first  input  is  received  is  usually  sufficient  to  allow  a 
maximum  of  three  cores  to  be  set.  This  fact  is  used  to  prohibit  the 
setting  of  more  than  three  flip-flops  in  the  center- resolution  register. 
When  the  initial  flip-flop  is  triggered  an  output  is  taken  off  through 
the  “or"  circuit  shown  and  is  used  to  inhibit  any  furthe  r  inputs  from 
reaching  the  flip-flop  register.  The  time  required  for  this  action  is 
about  3  to  4  psec . 

(U)  The  three  inputs  which  are  retained  in  the  flip-flop  register  come 
from  a  set  of  pickets  which  are  in  nxunerical  order,  such  as  A-3,  A-4, 

A-5  or  A-17,  A-18,  A-19,  etc.  From  the  geometry,  the  middle  picket  of 
this  group  is  in  general  the  one  closest  to  the  center  line  of  the  tra¬ 
jectory. 
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circuitry 


TO  CENTER  REST  FLIP  FLOP  REGISTER 
VIA  INPUT  DATES 


(U)  In  short,  even  though  15  pickets  are  covered  and  15  input  cores 
are  set,  there  is  a  maximum  of  only  three  flip-flops  set  in  the  center- 
resolution  register. 

(U)  The  next  step  is  to  resolve  the  center  one  of  the  three  in  the 
register  and  clear  all  input  cores  except  the  one  corresponding  to  the 
center  picket.  This  is  performed  in  the  center-resolution  core  matrix 

(U)  Remembering  that  every  ninth  input  shares  a  common  load  (figure 
11-4),  there  are  established  groups  consisting  of  eight  inputs  in  a 
group.  The  individual  inputs  in  a  group  are  labeled  A,  B,  C,  D,  E,  F, 

G,  and  H,  with  the  next  group  repeating  the  same  series,  i.e..  A,  B, 
etc.  The  flip-flops  in  the  register  are  also  designated  in  this 
manner,  corresponding  to  their  associated  inputs. 

(U)  The  center- resolution  core  matrix  consists  of  eight  cores,  asso¬ 
ciated  with  and  driven  from  the  flip-flop  register.  A  schematic  dia¬ 
gram  of  the  manner  in  which  these  cores  are  arranged  is  shown  in  figure 
11-5. 

(U)  Since  each  flip-flop  has  two  states,  zero  and  one,  these  are  used 
to  indicate  whether  A,  B,  C,  etc.  was  or  was  not  intercepted.  The  two 
states  of  the  fMp-flop  are  designated  "a"  and  "Not  A",  written  here¬ 
after  "a”  and  "a". 

(U)  The  center- resolution  core  matrix  contains  winding^  from  both  sides 
of  the  flip-flop;  that  is,  a  winding  for  A  and  A,  B  and  B,  etc.  These 
windings  are  not  on  the  same  core,  but  are  so  arranged  that  each  core 
consists  of  a  set  of  three  windings  associated  with  the  flip-flops  as 
tabulated  below: 


Core  No. 
1 
2 

3 

4 

5 

6 

7 

8 


Windings 
H  A  B 
A  i  C 
BCD 
C  D  i 
D  i  F 
E  F  G 
F  G  H 
G  H  A 


(U)  In  addition,  each  core  has  two  additional  windings,  one  for  inhibit 
or  reset,  and  one  to  sense  the  state  of  the  information  in  the  core.  The 
latter  windings  are  used  to  clear  unwanted  information  in  the  flip-flop 
register. 
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Figure  11-5.  Center- resolution  core  matrix 


(U)  As  stated  previously^  the  flip-flops  set  will  be  in  a  sequence, 
such  as  A-3,  A-4,  A-5,  or  by  the  group  designation  CDE,  EFG,  or  GKA.  It 
is  not  necessary  that  there  be  three  in  the  sequence,  for  only  one  or 
two  may  be  set,  e.g.,  DE,  GH,  AB  when  two  are  set- 

(U)  The  center-resolution  core  windings  tabulated  are  conditioned  in 
the  initial  or  reset  state  such  that  all  "Not"  windings  are  energized. 

Thus,  each  core  has  the  equivalent  of  two  units  of  current  drive,  where 
one  unit  of  current  is  sufficient  to  switch  the  state  of  the  core.  The 
inhibit  windings,  when  driven,  supplies  a  negative  unit  of  current,  i,e., 
in  such  a  direction  to  oppose  the  flux  established  by  the  flip-flop  drive 
current . 

(U)  To  illustrate  this,  assume  the  initial  conditions  of  core  No.  1, 
with  a  square  hysteresis  loop,  to  be  those  shown  in  figure  11-6.  Both 
A  and  B  windings  are  energized  and  the  state  of  the  core  is  at  point 
(1).  The  H  winding  has  no  current  in  the  initial  state.  When  flip-flops 
A,  B_j^  C  are  set  by  the  passage  of  a  projectile,  the  current  in  windings  A 
and  B  is  removed.  The  H  winding  is  unaffected  and  the  state  of  the  core 
is  moved  to  point  2  in  the  figure.  When  the  inhibit  winding  is  driven, 
the  core  switches  to  point  3.  This  change  of  fTux  in  the  core  produces 
a  voltage  in  the  sense  winding  which  is  used  to  reset  flip-flops  A,  C,  E, 
and  G.  Since  flip-flops  E  and  G  are  already  in  the  reset  condition,  nothing 
happens  to  these  two.  Only  A  and  C,  which  were  set  by  the  passage  of  the 
projectile,  are  reset.  This  leaves  B  as  the  only  flip-flop  set  in  the  regis¬ 
ter  and  it  is  the  desired  one.  The  same  situation  occurs  in  a  different 
core  when  the  flip-flops  set  correspond  to  the  logic  established  for  the 
particular  core. 

(U)  Obviously,  if  only  A  and  B  had  been  set,  the  decoding  would  have  left 
B  as  the  desired  selection.  When  A  alone  is  set  there  is  no  decoding  done 
by  the  center-resolution  core  matrix  and  A  remains  the  flip-flop  set  in  the 
register. 

11.4  Resetting  Input  Cores  and  Readout  to  Selection  Matrix 

(U)  Approximately  4  microseconds  after  the  decoding  has  been  done  by  the 
center-resolution  core  matrix,  a  command  is  sent  by  a  -aiming  circuit  to 
reset  or  inhibit  all  of  the  input  cores  which  are  associated  with  the 
reset  flip-flops.  This  takes  place  when  current  is  sent  through  the  in¬ 
hibit  windings  of  the  input  cores.  The  resetting  action  leaves  only  one 
input  core  set  and  one  flip-flop  set  in  the  center  resolution  circuitry. 

There  is  only  one  input  core  set  because  the  desired  core  was  always  in 
a  group  containing  one  set  core,  as  previously  described. 

(U)  The  same  action  takes  place  in  both  the  A  fence  and  B  fence.  The 
function  is  performed  in  the  B  fence  somewhat  later  than  in  the  A  fence 
because  of  the  time  required  for  the  projectile  to  pass  from  the  A  fence 
of  optical  pickets  to  the  B  fence.  Thus,  the  selection  made  in  the  A 
fence  is  retained  until  a  choice  is  made  in  the  B  fence. 
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(U)  The  circuitry  in  A  and  B  Is  identical  except  for  an  additional  command 
readout  initiated  by  the  B  center-resolution  circuitry.  This  command  is 
delayed  approximately  15  psec  from  the  initial  setting  of  the  first  flip- 
flop  in  the  B  fence  center- resolution  register.  The  delay  provides  suffi¬ 
cient  time  to  make  the  B  selection.  The  command  readout  then  inhibits  or 
resets  the  one  remaining  input  core  in  both  A  and  B  fences  simultaneously; 
i.e.,  there  is  a  coincidence  readout  from  the  A  and  B  fences  into  the 
charge-selection  matrix. 

11.5  Charge-Selection  Matrix 

(U)  The  charge-selection  mati’ix  consists  of  a  number  of  square  hysteresis 
loop  magnetic  cores,  each  with  windings  from  the  A  and  B  input  cores  cor¬ 
responding  to  the  A  and  B  combinations  which  resulted  from  the  system  geom¬ 
etry,  such  that  A-12  and  B-10  gives  charge  C-2  (fig;ure  11-1).  The  selec¬ 
tion  C-2  is  made  in  the  following  manner; 

On  some  particular  core  in  the  charge  selection  matrix  there  are  wind¬ 
ings  which  correspond  to  A-12  and  B-10.  The  selection  matrix  core  also  has 
a  bias  winding  and  an  output  sense  winding  corresponding  to  charge  C-2.  The 
A-12  and  B-10  windings  are  driven  from  the  coincidence  readout  of  the  A  and 
B  input  cores • 

(U)  Figure  11-7  presents  the  state  of  the  core  in  the  selection  matrix. 

At  the  beginning  of  the  operation  no  current  is  flowing  in  the  A-12  or  B-10 
windings,  but  current  is  flowing  in  the  bias  winding  all  the  time.  This 
puts  the  core  at  point  (1)  on  the  diagram.  When  current  flows  in  the  A-12 
winding  it  is  only  sufficient  to  produce  enough  flux  in  the  core  to  reach 
point  (2).  If  the  A-12  current  is  removed,  the  core  will  return  to  point 
(1)  because  of  the  bias  current.  This  is  also  true  for  current  flowing  in 
the  B-10  winding  alone.  When  current  flows  in  both  A-12  and  B-10  windings, 
the  core  switches  to  point  (3)  on  the  diagram.  The  corresponding  change 
of  flux  in  the  core  induces  a  voltage  in  the  C-2  winding.  It  will  be 
noticed  that  current  must  appear  in  A-12  and  B-10  at  the  same  time  to  pro¬ 
duce  an  output.  The  voltage  induced  in  the  C-2  winding  is  fed  to  a  flip- 
flop  in  the  output  buffer  register. 

11.5  Output  Buffer  Register  and  Output  Gates 

(U)  The  output  buffer  register  consists  of  12  flip-flops,  each  associated 
with  one  of  12  output  gates.  Each  output  gate  corresponds  to  one  of  the 
12  defending  charges.  When  drive  is  supplied  to  one  of  the  12  flip-flops, 
such  as  the  voltage  induced  in  the  C-2  winding  mentioned  under  charge  selec¬ 
tion  matrix,  the  flip-flop  changes  its  state  and  conditions  one  of  the  12 
output  gates. 

(U)  The  inputs  of  the  output  gates  are  essentially  in  parallel  for  the 
timing  pulse  from  the  firing-time  computer.  Thus,  when  the  firing  pulse 
ai'rives  at  the  inputs  to  the  output  gates,  it  is  passed  on  only  by  the  one 
conditioned  output  gate,  which  is  connected  to  the  desired  defending  charge 
firing  circuitry. 
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11.7  Indicator  Lamps 

(S)  There  are  three  sets  of  indicator  lamps  on  the  front  panel  th0,t  per¬ 
mit  monitoring  the  functioning  of  the  computer.  Two  vertical  sets,  each 
consisting  of  a  row  of  eight  numbered  red  lamps  and  a  row  of  eight  numbered 
yellow  ones,  are  associated  with  the  individual  pickets  in  the  A  and  B 
fence  (figure  11-1).  The  red  lamps,  when  lighted,  indicate  which  pickets 
have  been  traversed.  The  yellow  lamps  indicate  the  picket  selected  as 
nearest  center.  The  horizontal  set,  numbered  1  to  12,  Indicates  which  of 
the  twelve  defending  charges  has  been  selected  by  the  computer  in  a  fir¬ 
ing. 

11.8  Completed  Charge-Selection  Computer 

(U)  The  completed  charge-selection  computer  was  delivered  to  DOFL  by 
International  Business  Machines  Cori>oration  by  August  1959 . 

(U)  The  computer  and  its  60-cycle  power  supply  are  contained  within  a 
chassis  24  in.  x  17  in.  x  12  in.,  and  weigh  approximately  75  pounds.  The 
power  supply  accounts  for  about  two-thirds  of  the  total  weight.  Much  of 
this  could  be  saved  if  400-cycle  ac  were  used.  Further  savings  in  weight 
and  space  will  be  possible  if  microminiaturization  techniques  are  intro¬ 
duced. 

(U)  Figure  11-8  is  an  external  view  of  the  complete  charge  selection 
computer . 

(U)  Fig:ure  11-9  shows  the  computer  with  the  cover  lifted  to  afford  easy 
access  to  the  logic  circuits. 

(U)  Figure  11-10  shows  the  logic  circuits  removed  from  the  chassis  and 
illustrates  the  compact  form  of  the  units. 

(O)  Figure  11-11  is  a  picture  of  some  of  the  logic  cards  removed  from 
the  unit  and  the  special  card  extractor  for  removal  and  replacement  of 
the  cards. 
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Figure  11-8.  External  view  of  charge  selection  computer 
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Figure  11-10.  Back  view  of  logic  card  side 


Fig-ure  i.l-ll.  T/jgic  cards  and  card  extractor 
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12.  FIRING  CIRCUIT 


Ro  J.  Paradis 


CS)  nie  system  requirements  are  that  only  the  one  defending  charge  selected 
by  the  charge-selecting  computer  (section  11)  be  detonated  at  any  one  time, 
but  that  any  of  the  twelve  be  ready  to  be  fired,  if  it  were  selected  as  the 
appropriate  one. 

(U)  The  5~ohm  M36A1  detonator, specified  for  the  June  1960  feasibility 
test  fires  at  1-v  peak  pulse.  At  low  voltages  its  firing  delay  is  nonrepro- 
ducible  and  is  of  the  order  of  milliseconds,  which  cannot  be  tolerated;  at 
2  kilovolts,  corresponding  to  current  peaks  of  1000  amperes  or  greater  with 
several  paralleled  detonators,  the  delay  is  less  than  3  psec.  The  2-kilo¬ 
volt,  1000-ampere  requirement  created  a  difficult  switching  problem  and  a 
special  firing  circuit  was  developed  to  solve  it. 

(C)  In  the  feasibility  test,  twelve  of  these  circuits  were  to  be  employed 
in  connection  with  the  twelve  defending  charges.  Since  the  thyratrons  nor¬ 
mally  used  for  such  an  application  were  too  large  physically,  a  survey  of 
available  switching  devices  was  initiated.  The  1000-ampere  peak  current  re¬ 
quirement  exceeded  that  allowed  by  the  manufacturers'  specifications  for  all 
of  the  switching  devices  that  were  considered.  However,  since  the  required 
repetition  rate  is  very  low,  several  devices  were  examined  regarding  their 
applicability  for  the  specific  purpose.  A  cold  cathode  gas  switching  tube, 
which  is  of  the  size  of  a  miniature  receiving  tube,  offered  the  best  chance 
of  success . 

(U)  The  circuit  of  figure  12-1  performs  the  required  operation.  The  capac¬ 
itor  is  discharged  through  the  tube  and  the  resistor  R  which  simulates  an 
M36A1  detonator.  The  coil  L  was  added  as  a  safety  measure  to  bypass  the 
detonator  D  with  99  percent  of.  the  dc  ionization  current,  its  dc  resistance 
being  approximately  0.01  ohms  as  compared  to  the  5  ohms  of  the^ detonator . 

(U)  The  circuit  was  fired  several  hundred  times  with  each  of  three  sample 
tubes  used,  without  failure  and  with  an  average  delay  of  2.6  psec. 

(C)  Figures  12-2a  and  b  are  typical  waveforms  of  the  firing  pulse  pro¬ 
duced  by  the  circuit.  In  figure  12-2a  the  coil  is  not  present,  while  in 
figure  12-2b  it  is  present.  It  is  proposed  to  use  only  one  firing  capaci¬ 
tor  as  shown  in  figure  12-p,  so  that  its  stored  energy  is  channeled  to  the 
selected  charge  through  the  appropriate  switching  tube. 
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13.  FTJELD  'TESTS  WICT  EXPERIMENTAL  PROTOTYPE  SYSTEM 


A.  Copeland,  J.  E.  Miller,  W.  Moore,  R,  J.  Paradis,  P.  Vrataric 


Test  Objectives 

(U)  The  equipment  and  procedures  were  so  designed  as  to  permit  testing 
the  complete  circuitry  built  for  the  June  1960  feasibility  test  without 
resorting  to  the  complex  optical  hardware  which  was  to  be  constructed 
while  these  tests  were  going  on, 

(S)  The  test  objectives  were: 

1.  To  determine  the  operating  parameters  of  the  detection  units. 

2.  To  test  the  charge  selection  computer. 

3.  To  test  the  size  discrimination  and  K-f actor  circuitry. 

4.  To  determine  the  over-»all”system  timing  accuracy. 

5.  To  establish  the  influence  of  the  sensing-unit  errors  upon  the 

over-all  accuracy. 

13.2  Firing  Range 

(U)  All  field  tests  preliminary  to  the  feasibility  test  were  conducted 
at  the  DOFL  Test  Area  at  Blossom  Point,  Maryland.  In  order  to  lessen 
interference  from  other  tests  going  on  in  the  area,  a  special  firing  range 
was  set  up  for  this  project.  Photographs  of  the  range  layout  are  shown  in 
figures  13-1  and  13-2.  The  guns  were  maintained  in  a  fixed  position  and 
the  shells  were  fired  through  the  detection  station  into  a  bunker.  The 
signal  information  was  transmitted  to  the  instrumentation  trailer  through 
cables  in  an  underground  conduit. 


13.3  Tests  on  Detection  Unit  Parameters 


(S)  The  G''er-all  system  accuracy  depends  primarily  upon  the  accuracy 
with  which  the  detection  units  (section  4.1)  can  detect  the  nose  of  a 
shell,  in  other  words,  how  far  the  nose  has  to  penetrate  before  a  signal 
is  generated.  Possible  variations  of  shell  penetration  are  shown  diagram- 
matically  in  figure  13-3.  In  figure  13-3a  it  is  shown  that  various  nose 
shapes  will  result  in  different  penetrations  for  the  same  signal.  This  is 
also  true  for  a  shell  entering  into  the  null  region,  that  is,  the  region 
between  two  adjacent  detection  pickets,  as  shown  in  figure  13-3b„  Figure 
13-3c  shows  the  effect  of  variations  in  the  alignment  of  individual  pickets 
at  the  maximum  detection  range,  which  are  within  the  closely  held  alignment 
tolerances .  In  order  to  determine  the  random  error  of  the  system  due  to 
variations  in  shell  penetrations,  a  series  of  penetration  measurements  was 
made.  The  test  layout  and  procedures  were  as  follows: 
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Figure  13-1.  Dash-dot  range  at  DOFL  Test  Area;  view  toward  detection  station 


Figure  13-2.  Dash-Dot  range  at  DOFL  Test  Area;  view  toward  instrumentation  trailer 
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Figure  13-3.  Possible  variations  in  shell  penetration 
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(S)  The  physical  layout  is  shown  in  figure  13-4.  The  shell  first  shorts 
the  velocity  and  camera  trigger  screen,  which  triggers  the  properly  set 
shutters  of  the  tv/o  cameras  and  starts  a  counter.  It  then  enters  into  the 
optical  detection  fence  (section  J.2),  v/hich  triggers  the  two  microflashes. 

In  this  way  two  pictures  ai-e  taken  of  the  shell  in  front  of  the  calibrated 
reflecting  screen  at  th.-  instant  the  sally  amplifiers  (section  9.1.3)  in 
the  detection  fence  produces  an  output  pulse .  Tlie  shell  finally  shorts 
the  second  velocity  screen,  which  stops  the  counters.  The  shell  velocity 
is  then  computed  from  the  time  count  and  the  spacing  of  the  two  screens. 

The  circuitry  used  to  energize  the  camera  shutter  solenoid  and  to  start 
and  stop  the  counter  is  shown  in  figure  13-11  in  section  13.4.2.  Figure 
13-5  is  a  typical  pair  of  pictures  obtained  in  this  way. 

(C)  Poi’  evaluating  the  picture,  a  plotting  board,  figure  13-6,  was  made 
in  the  forrn  of  a  scaled  model  of  the  layout.  The  fixed  scale  in  the  upper 
portion  represents  the  calibrated  reflecting  screen.  The  two  transparent 
rulers  with  the  dark  tracin^.  lines  are  hinged  at  the  forward  principal 
points  of  the  camei’a  lenses.  In  actuality  the  tracing  lines  are  quite  nar¬ 
row;  they  were  exaggerated  to  render  them  more  conspicuous  for  this  photo¬ 
graph.  The  pro  ections  of  the  seven  detection  units  of  the  subfence,  seen 
under  the  two  rulers  at  their  intersection,  were  made  rotatable  to  permit 
the  evaluation  of  oblique  firings.  The  center  fcoai’d  is  a  sliding  scale 
with  which  the  distance  of  the  shell  nose  from  the  leading  edge  of  the  sub¬ 
fence  is  measured. 

(C)  In  evaluating  a  shot,  the  tracing  lines  on  the  two  hinged  rulers 
are  made  to  coincide  with  the  two  respective  markings  on  the  fixed  scale 
which  represent  the  markings  read  off  the  reflecting  screen  behind  the 
shell  nose  in  the  two  pictures  obtained  at  that  shot  I  The  intersection 
of  the  two  tracing  lines  is  the  position  in  which  the  shell  was  photographed, 
and  its  distance  from  the  leading  edge  of  the  subfence  is  now  measured  with 
the  sliding  ruler;  in  this  way,  the  penetration  of  the  nose  is  determined. 

(U)  The  delay  of  the  Microflash,  which  is  of  the  order  of  10  to  40  |jsec, 
was  measured  by  the  method  described  in  section  13.4.3  and  evaluated  numer¬ 
ically  in  terms  of  displacement  of  the  shell  nose  on  the  trajectory  from 
the  known  shell  velocity. 

(U)  The  results  of  the  firings  maae  are  recorded  in  the  tables  of  section 
13.5.3,  and  an  analysis  of  the  penetration  of  various  types  of  shells  in 
various  approaches  to  the  nubfence  and  their  bearings  on  the  over-all  ac¬ 
curacy  is  given  in  section  10. G. 

13,4  Tests  on  Over-all  Syste', 


13.4.1  Test  Layout 


In  order  to  avoid  complications  of  building  the  full  three- 
fence,  252-picket  optical  sens in  ;  system,  also  containing  252  sally  ampli¬ 
fiers,  and  to  still  be  able  to  test  the  full  electronic  instrumentation. 
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Figure  13-4.  Layout  for  shell  penetration  test 
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as  described  ia  sections  8  through  12,  a  simplified  sensing  system  was 
built.  Only  three  subfence  units  (section  5.2)  were  used.  They  were 
mounted  on  a  Z-shaped  structure  (Z-frame,  section  5.3),  which  itself  was 
mounted  on  a  rotatable  platform,  a  gunmount  obtained  from  the  U.S.  Navy. 
Figure  13-7  is  a  diagram  of  the  test  layout  and  figure  13.8  a'  photograph 
of  the  simplified  sensing  system  in  the  detection  "station. 

(C)  The  platform  had  to  be  rotatable  to  permit  various  angles 

of  attack,  since  the  guns  were  held  at  a  fixed  position.  It  was  indexed 
in  conformance  with  the  angles  desired  for  this  test.  Tiie  Z-frame  was 
also  Indexed  such  that  the  subfence  units  taking  the  place  of  the  A  and  C 
fences  could  be  displaced  laterally  to  conform  to  the  same  angles.  Sub¬ 
fence  B  remained  fixed  at  the  axis  of  rotation  for  all  angles. 

(C)  The  lateral  displacement  of  the  A  and  C  subfence  was  made  in 

exact  multiples  of  the  picket  spacing.  In  addition,  the  output  connec¬ 
tions  of  the  three  subfence  units  were  arranged  to  allow  various  input 
connections  to  the  charge  selection  computer,  section  11.  Each  of  these 
three  units  could,  thus,  simulate  any  of  the  12  units  of  the  respective 
fences  of  the  complete  system  without  actually  building  the  latter,  thus 
allowing  the  charge  selection  computer  to  be  tested  in  its  selection  of 
a  particular  charge. 

(C)  Tests  on  shells  of  various  height  trajectories  could  also 

be  made  by  merely  moving  subfence  C  along  the  direction  of  the  trajectory. 
However,  this  was,  only  possible  for  normal  attack,  that  is,  with  the  Z- 
frame  in  the  zero-degree  position. 

(S)  Referring  again  to  figure  13-7,  the  shell  first  passed  the 

camera  trigger  and  velocity  screen,  proceeded  then  through  the  subfences 
A,  B,  and  C  and  on  through  the  fragmentation  plane  of  the  hypothetical 
defending  charge,  and  finally  through  the  second  velocity  screen.  The 
camera  was  positioned  with  its  optical  axis  in  the  fragmentation  plane, 
to  take  a  picture  of  the  shell  in  front  of  the  calibrated  reflecting 
screen  at  the  instant  the  Microflash  was  fired.  The  Microflash  monitor 
phototube  was  used  to  measure  the  delay  of  the  flash  (section  13.4.3). 

13.4.2  Electronic  Instrumentation  and  Test  Method 


(U)  An  over-all  view  of  the  electronic  equipment  housed  in  one 

of  the  electronic  laboratory  trailers  is  given  in  figure  13-9,  while 
figure  13-10  is  a  block  diagram  of  the  circuitry  employed  in  the  over¬ 
all  test. 

(S)  The  processing  of  the  signals  is  as  follows:  As  a  shell 

passes  over  subfence  A,  an  output  pulse  is  generated  in  one  or  more  of  the 
seven  sally  amplifiers  (section  9.1,3).  Each  of  these  amplifiers  is  con¬ 
nected  to  seven  A  fence  Inputs  of  the  charge  selection  computer  (section 
11),  in  addition  to  being  combined  in  the  diode  "OR"  circuit  (section 
9.2.1).  The  output  of  this  latter  circuit  is  fed  to  the  Tq  pulse 
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Figure  la-8.  Optical  system  in  detection  station 
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input  of  the  firing  time  computer  (section  10)  and  also  to  the  start-input 
of  the  AT^'ceunter,  Subfence  B  also  contains  seven  sally  amplifiers  which 
are  also  connected  to  seven  B-fence  Inputs  of  the  charge  selection  computer;, 
and  combined  in  the  second  diode  "OR"  circuit.  When  the  shell  passes  over 
subfence  B,  the  output  of  the  second  diode  "OR"  circuit  stops  the  ATj^-coun- 
ter,  thus  indicating  the  time  interval  AT. ,  and  starts  the  AT_-counter 
and  is  also  fed  to  the  T^-lnput  of  the  firing-time  computer,  'Hie  charge- 
selsctlon  computer  has  now  obtained  the  necessary  information  and  assigns 
a  charge  to  Intercept  the  shell.  At  this  same  time,  "knowing"  AT^,  the 
firing-time  computer  has  determined  the  shell  velocity.  When,  at  last,  the 
shell  passes  over  subfence  C,  its  output  pulse  stops  the  ATg  counter, 
which  indicates  the  time  interval  AT_,  and  starts  the  AT^-counter  and 
is  also  fed  to  the  Tg'iuput  of  the  firing-time  computer.  From  the  ATg/ATj^ 
ratio  the  firing-time  computer  determines  the  height  of  the  shell  trajectory 
and  the  time  at  which  the  intercepting  charge  is  to  be  fired,  and  generates 
the  firing  pulse  at  that  time. 

(S)  The  firing  pulse  is  used  to  do  two  things.  It  stops  the  AT^- 

counter,  thus  permitting  reading-off  the  firing  time  for  checking  purposes. 
In  the  complete  feasibility  test  system,  the  pulse  would  have  been  used  to 
trigger  the  firing  circuitry  (section  11)  and  to  detonate  the  defending 
charge  selected  by  the  charge-selection  computer.  In  the  present  experi*- 
mental  system,  however,  the  pulse  is  used  to  trigger  the  Microflash  which 
imitates  a  defending-charge  firing,  but  in  reality  illuminates  the  shell 
and  the  calibrated  reflecting  screen,  such  that  a  picture  of  the  shell  is 
taken  at  the  position  in  which  it  would  be  if  the  defending  charge  were 
used. 

(S)  In  imitating  a  shaped  charge  firing  by  the  Microflash,  the 

fact  must  also  be  taken  into  account  that  the  velocity  of  the  shaped 

charge  is  finite  while  that  of  the  Microflash  light  can  be  considered  as 
infinite.  Therefore  the  actual  position  of  the  shell  at  the  time  of  im¬ 
pact  is  in  advance  of  that  at  which  it  was  photographed  by  a  distance 
hV  /V  .  The  correction  is  determined  numerically  from  the  measured  height 
hC&g/^AT-j^  ratio),  the  fragment  velocity  V  ,  which  is  assumed  fixed  at 
8000  fps,  and  from  the  measured  shell  velocity  V^. 

(U)  In  addition  to  the  velocity  measurement  obtained  from  count¬ 

ing  the  time  interval  ATj^,  and  independent  check  was  made  by  measuring 
the  transit  time  between  two  wire-meash  screens  (figure  13-7)  spaced  ten 
feet  apart  on  the  shell  trajectory,  one  before,  the  other  behind  the  opti¬ 
cal  sensing  equipment.  The  circuitry  used  for  that  purpose  is  separately 
shown  in  figure  13-11,  which  is  self  explanatory. 

13.4.3  Determination  of  Microflash  Delay 


(U)  A  type  1530A  General  Radio  Microflash  unit  was  used  in  the 

tests.  The  lamp  produces  a  high-intensity  flash  of  light  lasting  two 
lisec,  and  there  is  an  unavoidable,  unpredictable  delay,  ranging  from  10 
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to  40  fisec,  between  the  arrival  of  the  firing  pulse  and  the  actual  occur¬ 
rence  of  the  flash.  Because  of  its  unpredictability^  the  delay  had  to 
be  measured  and  taken  in  account  at  every  firing. 

(U)  The  following  method  was  employed.  A  monitoring  phototube  (figure 
3-7)  was  placed  in  front  of  the  Microflash  lamp  and  facing  it.  This 
phototube  stops  the  Microflash  delay  counter  (figures  13-10  and  13-11) 
which  has  been  started  by  the  firing  pulse,  and  the  delay  is  read  off  the 
counter. 

13.5  Test  Results 


13.5.1  Charge-Selection  Computer 


(S)  Since  only  one  hypothetical  defendinjg  charge  was  considered, 

the  various  angles  of  attack  being  obtained  by  rotating  the  Z-frame,  there 
was  no  need  to  connect  the  output  of  the  charge  selection  computer  to  the 
Microflash  which  imitated  the  hyptothetical  defending  charge.  Instead  of 
that,  the  computer  output  was  left  unconnected,  as  shown  in  figure  13-10, 
and  the  position  of  the  charge  that  would  have  been  selected  at  any  partic¬ 
ular  angle  was  read  off  the  lighted-up  indicator  lamp  in  the  horizontal  row 
at  the  right  bottom  of  the  computer  panel,  section  11.7.  It  can  be  stated 
that  the  position  of  the  charge  selected  by  the  computer  invariably  coin¬ 
cided  with  the  position  of  the  hypothetical  charge  considered. 

13.5.2  Size  Discrimination  and  K-Factor 


(U)  Tests  to  evaluate  the  functioning  the  size  discrimination  as 

well  as  the  K-factor  circuitry,  sections  9.3  and  9.4,  were  made.  Although 
time  limitations  prevented  accurate  evaluation,  the  results  were  suffi¬ 
cient  to  indicate  that  the  methods  were  indeed  feasible. 

13.5.3  Over-all  Experimental  System 


(U)  A  total  of  556  rounds  were  fired  during  the  1959  calender 

year.  The  types  of  guns  and  ammunition  used  are  listed  below; 


Gan 

12  gauge  shot  gun 
30  Cal.  M-1  Rifle 
50  Cal.  Machine  Gun,  M-2 
20  mm  Proof  test  Barrel 
75  mm  Tank  Gun,  M-3 
75  mm  Pack  Howitzer,  M-1  (81  mm 
90  mm  Anti-Aircraft,  M-2 
106  mm  Recoiless  Rifle,  M40A1 


Round 

Rifled  Slug 

30  Cal.  Ball.  M-2 

50  Cal.  Ball.  M-2 

20  mm  Ball.  M56A1  &  T283B1 

75  mm  T165Eli 

bore)  81  mm  mortar,  T-28 
90  mm  T.P.  M-71 
HEAT,  344  A-1 
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Figure  13-10.  Block  diagram  of  field  instrumentation 


SECRET 


(U)  All  firings  made  and  the  results  obtained  from  them  are 

recorded  in  table  13-  1. 

(S)  As  can  be  seen  from  the  table;  the  average  error  of  the 

impact  point  on  the  shell  was  of  the  order  of  ±1  in.  for  velocities 
from  1400  to  2400  ft,  altitudes  from  0  to  5  ft;  and  off-nomal  angles 
of  attack  from  0  to  S6  deg.  The  analysis  of  the  results  is  covered 
in  the  following  section. 

13.6  Analysis  of  Results 

13.6.1  General  Considerations 


(C)  In  this  analysis;  the  effects  of  errors  in  the  input  in¬ 

formation,  that  is,  errors  in  and  AT2;  on  the  computation  of  the 
firing  time  for  the  defending  charge  are  investigated.  These  errors 
are  caused  by  the  following  phenomena: 

1.  Penetration;  A  shell  must  obscure  a  portion  of  a 
detection  picket  in  order  to  produce  a  signal.  The  amount  of  penetra¬ 
tion  necessary  to  obtain  the  same  signal  amplitude  from  different  type 
shells  varies  with  the  shape  of  the  nose  (see  figure  13-3a) . 

2.  Null  Region;  A  shell  entering  the  null  region,  that 
is,  the  space  between  two  adjacent  pickets,  requires  a  deeper  penetration 
to  produce  the  same  signal  as  one  centrally  entering  a  picket  (see  figure 
13-3b). 


3.  Picket  Beam  Displacement;  Misalignment  of  the  pickets, 
resulting  in  a  beam  displacement,  also  influences  the  penetration  neces¬ 
sary  to  produce  a  signal  (see  figure  13-3c) . 

4.  Sally  Amplifier  Delay:  The  output  pulse  from  the  sally 
amplifiers  is  delayed  a  few  microseconds  due  to  the  finite  velocity  of  the 
penetrating  shell.  Additional  error-causing  delays  due  to  variations  in 
the  time  constants  of  the  PbS  cells  used  and  the  signal  amplitude  must 
also  be  included.  The  latter  variable  depends  itself  upon  variations  in 
illumination  as  well  as  in  the  sensitivities  of  the  PbS  cells.  A  graph 
showing  the  sally  amplifier  pulse  delay  versus  input  signal  amplitude  has 
been  shown  in  figure  9-9. 

13.6.2  Total  Error 

(C)  The  sum  of  the  errors  caused  by  the  above  variations  was 

determined  experimentally  by  photographing  the  shells  as  they  passed 
through  a  single  optical  fence  at  the  instant  a  pulse  was  generated  by 
the  sally  amplifiers.  The  test  procedure  has  been  described  in  section 
13.3. 
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Table  13  1  Test  Firings  and  Evaluations 
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CO 

CO 

CO 

CO 

IBM  Picket  "A” 

CO  CO  00 

Co  Ca)  Co  Co  CjJ 

CU  (a) 

CO  CO  CO 

cocococococococo 

(O 

CO 

CO 

CO 

CO 

CO 

CO 

fo 

CO 

CO 

CO 

CO 

CO 

CO 

(o 

lO  to  to 

to  to  Ca>  to  to 

to  to 

to  to  fO 

tOt>2it0t>0tOtOCOCO 

CO 

CO 

CO 

CO 

CO 

to  to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

Co 

CO 

IBM  Picket  "B” 

IBM  Charge 

cn  cn  cn 

5 

5 

5 

5 

5 

CA  CA 

CA  CA  CA 

s 

5 

s 

s 

5 

5 

s 

5 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA  CA 

CA 

CA 

5 

s 

5 

5 

Selection 

M  l-A 

l-i  M  M 

HA  HA 

HA  H*  HA 

HaHahaHahaHaHAHa 

HA 

H* 

HA 

H* 

H* 

HA 

HA 

HA 

H* 

HA 

HA 

Velocity,  ft/sec 
(from  screens) 

•O  00  00 

-o  *0  00  00  00 

go 

O  Ov 

Co  4k  Co 

COCOC04kC0  4k'0'0 

•o 

■o 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

VO  O  O 

CA  VO  to  O  CO 

VO  HA  VO 

CJvvO-OOOOOO^Cn 

(A 

•o 

(X> 

■Vj 

o 

vo 

•Sj 

^  *>4 

'O 

00 

Ov 

a\ 

2 

Ct\ 

to  >-*  VJ 

00  CA  >0  CO  O 

C7v 

00  ov  COV 

o  4k  C»  O  CO  c>  to  oo 

4> 

Co  00 

cs 

VC 

to 

td 

4k 

O  4k  -sj 

to  Co 

vo 

+  + 

+  + 

* 

IPPPM 

■n 

HIM 

1 

1 

! 

1 

HA 

1 

HA 

HA 

1 

1 

H* 

H» 

1 

1 

1 

HA 

Velocity,  ft/sec 

•o  oe  00 

VO  O  h-» 

•O  00  00  00  00 

00  <1 

4k  4k  4k 

co4kco^co4k*'>a'0 

•o 

00 

4k 

CO 

CO 

4k 

Co 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

00  to  4^  M  CA 

to  00 

O  HA  tJ 

OOOOOHaVOHavOVO 

00 

to 

o 

o 

o 

no 

o 

o 

•vj  00 

Vf5 

•.4  00 

vo 

vo 

(from  ATI) 

VO  00  to 

o  to  to  00  vD 

to  o 

00  HA 

VOHACAOvCA4kOOOO 

Co 

00 

to 

VC 

oo 

HA 

vo  CA 

to 

**4 

to 

00 

to 

to 

cn  cn  CA 

CA  CA  VA  CA  cn 

CA  CA 

'O  >0 

•>s{«s|..0'O'OviCACn 

CA 

CA 

>4 

•VI 

•Vl 

•o 

-4 

*-4 

vj 

■nI 

-.4 

Time,  ATI,  /J,sec 

c/i  cn  cn 

^  ^  CA  CO 

4k  Ov 

H-  o  O 

tOHAtOOH»OCACA 

C7> 

HA 

HA 

HA 

to 

HA 

Ha 

to 

to 

HA  to 

to 

HA 

H* 

9v  CO  to 

to  VO  Co  O  00 

o  to 

HA  CA  4k 

O'^tOOV'O^oOvOV 

HA 

•o  to 

to 

00 

o 

o 

4k 

CA  to 

00 

HA 

vo 

o 

00 

00 

Ca>  cu  CO 

HA  HA  H* 

HA  HA  HA  ha  HA  HA 

CO 

Co 

CO 

CO 

CO 

-Ck  ^ 

00  00  00  00 

00  00 

O  O  O 

HaOOOHaOCACA 

cn 

cn  to 

HA 

H* 

o 

r> 

1 

I 

1 

•*4 

Ol 

Time,  AT2,  /j-sec 

00  crt 

VC  Ch  CA  cn  to 

K»  0\ 

00  CO  'O 

H-OV*^0>^00'000 

(f) 

vO 

HA 

o 

to 

VO 

no 

no 

1 

4k 

CO 

cn 

•o 

C4  VO  00 

Co  CA  O  OJ 

ov  *-i 

HA  00  O 

•0<?V'004k«0'OtO 

CA 

CA 

o 

Co 

■•c 

CA 

CA 

CA 

0\ 

HA  to 

HA 

to 

1  1  t  1  1 

^  ^  CA  CA 

1  t 

1  1  1 

i  1  1  1  1  1  •  1 

, 

, 

1 

1 

Shell  Position 
(Actual,  in.) 

CA  CA  4k  Co  .4a 

4k4k4A4kCo4kV£>VD 

lO 

00 

to  Co  *>0  r-A  to 

to  Cji 

O  CA  M 

tOCACOCOOvCAOD’O-^ 

CA 

VO  >-*  vO  00  CA 

'O  00 

O  ^  0\ 

COVD'OhahaO\0>^ 

ov 

HA 

H* 

H* 

Horizontal 

11111 
CA  CA  CA  CA  CA 

(A  CA 

1  r 

4k  4k  4k 

1  I  1  1  1  I  1  1 

VO 

1 

1 

Shell  Position 

Co  M  -o  o\  00 

00  o\ 

CA  CA  CA 

COC04k4kCo4k4k4k 

CO 

CO 

Co 

CO 

(Calculated,  in.) 

00  00  h*  vC  O 

M  00 

>40  0>  A 

4kvoootoov<?iOav 

to 

00 

to 

to 

Horizontal 

■ 

■ 

Position  Error 

M  J-*  +  +  + 

+  + 

+  H  • 

+  •+  +  +'  '  ' 

/ 

H* 

■ 

■ 

4k  .p.  >0  in  CJ> 

CA  CO 

CA  O  to 

H*tOHAHA.v)HA4ktO 

H» 

HA 

■ 

■ 

(in.)  Horizontal 

to  VO  to  HA 

^  o 

VO  to  to 

HaOHAHaCAOOOO 

4k 

CO 

■ 

■ 

Cv  to  to  to  to 

to  to 

to  to  to 

totototototo-^-^ 

4k 

CA  CA  CA  CA 

CA  CA 

a\  <jx  0\ 

CACAQ^CACACAtOCO 

to 

CO 

CO 

(O 

Height,  Error 

O  -O  O  to  .sj 

CA  O  CA  CA 

^  N 

CA  CA 

to  vj  o 

CA  CA 

cntoototocACAO 

CA 

o 

o 

o 

(Actual,  in. ) 

<7V  to  to  to  to 

to  to 

to  to  to 

tOtOtOtOHAtOCoCO 

CO 

4k 

CO 

CO 

O  O  O  O  H» 

to  HA 

to  Co  CO 

OtOCOtOvOHAOv..j 

♦o 

o 

vo 

•*4 

Height,  Error 

>0  to  CA  ^  o 
to  to  ^ 

OV  0\ 

HA  OJ  ^ 

vovc>-^avat4ka>ov 

00 

CA 

o 

ov 

(Calculated,  in.  ) 

CA  CA  ^  ^ 

Ca)  4k  4k  to  to 

4ktOIOtOCA^CACA 

4k 

to 

4k 

CA 

— 

Height,  Error 
(in.  ) 

CO  CA  CA  vC  to 

to  to 

to  to  C7V 

avcooiovovHAvo.^ 

•o 

CA 

O  4k 

cn  Cfi  4^ 

HA  HA  >.J. 

HA 

to  to  to 

tOtOtOtOtOtOHAHA 

HA 

to 

to  to 

to 

to 

Time,  ATf',  /usec 

go  CA  CA  CA  « 
O  HA  HA  HA  ■ 

CA  CT 

o  o  c 

OOOOOOOVOV 

tOHACAOOOtO^ 

<7> 

?5 

00 

£ 

vT 

VO 

o  to 

1 

1 

to 

to 

to 

to 

to 

to  CO  4^ 

to  4k 

Co  Co  H 

o> 

C7V 

t/1 

Lr 

''•>4 

a\ 

OJ 

1 

1 

1 

CO 

c/1 

(Actual) 

CO  cn  o 

Ca)  CV  CO  <0 

Ca>  O 

Co  CO  Co 

'OOOOOCACOHaOCO 

to 

00 

o 

o\ 

o 

vO 

vo 

H* 

CA 

o\ 

C7> 

H» 

ha  HA  HA 

t-  H- 

to  t^  to 

tOtOtOtOtOtOHAHA 

HA 

HA 

to 

to 

to 

to 

to 

Time,  ATf",  fj^sec 

'  in  cn  cr 

00  CA  4>A  CA  ^ 

CA  C/- 

o  o  c 

OOOOOOpvQ^ 

CACAOOtOCOtOCO^ 

o> 

S2 

VC 

VC 

r: 

c 

to 

1 

1 

? 

to 

to 

to 

to 

1  Co  Cki 

to  HA  vo  to  oc 

to  a 

Co  Co  HA 

2 

VC 

VC 

to 

c 

Cr 

1 

1 

1 

(Calculated) 

j  f*3  41. 

ha  HA  Ca)  O  CA 

0\  HA 

00  Ov  ov 

OvvO^vOHAOvOov 

o 

C7V 

00 

HA 

o 

C7V 

CO 

CA 

o 

vo 

1  1  1 
H*  00  ‘O 

HA  CA  to  Co  : 

1  t 

Ca)  to 

1  1  1 
CA  CO  CO 

1  1  1  1  1  1  1 
to  4k  to  to  to  HA  HA  1 

+ 

1  1  I  1 

00  4k  4k 

1 

CO 

to 

1 

1 

1 

to 

H* 

to 

00 

dATf  (ATf'  -  ATf") 

Ca>  0> 

00  o 

H« 

^HAOV-UOOvOvOCO 

to  4k 

o 

o 

00 

to 

HA 

CA 

00 

vO 

CO 

/isec 

boi-^ocA)H*^oi  ■  <  cjo^oca>h-a 

00'>400«s]O0Ja)>a^4k00VlCA0000CA>OOlK>OC(-^00bd9^«OH*N>K)i  >  ■0'>4MOOCO 
►O  vOQOKJC/l  0/1  C/1  Jk  o  otCl  0^0'^K>tOC/l  O^vH  CACttOH* 


Displacement  Error 
(in.  ) 


Table  13.1  Test  Firings  and  Evaluation  (Continued) 


(•“!) 

jojj^  iuauiaoB  jdsTQ 

'OiQ'Ooi£)oooor't~eovj«»(^rom>ooo'o^<oo  «  cs«  eiio 

u)>o»H«»’ooci/)eseNioOmoici«*jooo'flcswt~oi  1  >eioo»Hcvi 

i+iiiiiiii  +  +  +i(i»+i+ii  riiii 

oasr/ 

(.UV  -  ,UV)  JXVP 

*H  fo«H  If)  ^t^io 

l+ltiiiiii  +  ++  ii>i+l+il  llltl  ililllli 

(pa^eynoxBO) 

oasrf  ‘.xiy  ‘aiuTi 

Q0io'oc^c^^t->^ooc^p(not^^csvocs^r90ti^  ^aocs^«o  forofOOpv-tcsM 
o<NO'«Htn<io<^o&tvt^ot«>iii^ro^i^oociooctNvH  1  arovocitfi 
t>-U)^<nC4«NMCSCS<Sf^CNi<NC^WCSCI»H^«iH©  1  OOClOtn 

(TBn^ov) 

oasry  ‘,jiy  ‘aiuTi 

rNaiu^©i/)cn— 4mt^r-(«'9tic^*^^csaOfO«H«oao  PO 

rOM©oiotN^ooot^t^Ot^u5^rocowSo09ii/)0\  i  ooeoi/)«HiOQOf!)OO)O0«H(o<n 
vOu^^cocs<N|c4csescsfOMcscsMC^es*-<fHfH»HO\  1  ooOlAl/)m^^«^^^Pppp 

CS«CSW*H^CSCICSM<SMCIW 

C-UT) 

JOJ^a  ‘4it3TaH 

lOt>-  »H  00f0*H<NO»l/)O00O 

co^co  »  1 

•••il  *1  .......  ..II  rf  ....1  . . . 

l/)l  1  T-i  r~t  CS^WbH  I  l»-ll«S»H^i-«^ 

1  <  1  1  •  1  f  til  1  1  1  1  1  1  1  1  1  1  1 

( -UT  ‘pa^BxnoxBO) 
JOJja  ‘maraH 

i:SeSOO^VOO^<£)fO^’«t'^^OOMC^O>00‘^COOO»OOOOVOCO€SCS©OO^pCSCIO 
o\T-i<noo\esomo^^cO‘«j-i/)a)fooofOC4i^ootn*^^oroootN.oCc»5f»50  oo 

i/)0*-««-irvoooooocot^oofscs»M»HO©f0^^^^m'OcowicsfO^<OB®'^^«^  cs 

( -UT  ‘ pen^ay) 
JOJJj  ‘iqaTaH 

lomi/)  010  t/)i/)i/)toio  u)  i/)i/)  i/) 

t-  t-  1  tOir‘'l«4/)<NmCS«NC^t^i  d 

.*.||  *1  .........11  •!  ....1  ..........  • 

wQvH  0  o©a>ocofOfOfOd  *0  voiot^a  iflcoi/>i/5iomi/5i/>wa  irt 

(c©©  i/i  cs  dddd  cscsddddddd  d 

1-B4U02TJ0H  (  ‘UT) 

JOJJ3  uot:;tsoj 

f-«^oo  tn  Oifoo^©^fOO^oou^  oodfooocoift'  d©^t*^i^ooost^o 

r-t  fi)  cn  ©  oi/)coo©doo^d  fOQOOi/ifiOd  ooodd.o»HdO^ 

W  I  1  W  Wiilii^l*^^  il^lil  I+II  +  ++  +  + 

4>  II  1  i  1 

XB4UOZTJOg 
( -UT  ‘pa^B^noxBO) 

UOTITSOJ  TT^^S 

t>.dd  tHfHf-tt'-fo^r^aro  ©fO©©oo^  o^fo^^^^©oo»oo  U5 

ioco©i  i©iO't^r«-©cor‘«‘COO\©i  ii^©ro©©ooi©d©©^^wt^fO  © 

©00  CO  fOrOfOCOvHTHWiHW  co©©©©!/)©^©  © 

1  W  rH  *H  tH  ^  ^  rH  rH  W  ^  1  1  I  1  1  1 

XB^UOZT  jog 
( 'UT  ‘XBnioy) 
UOTlTSOd  TTB^S 

©©0  CO  o^odr^©o©oo  '^'©oO'^^fO^  vH©oo»-<oco^doo 

^©©1  ldlOd*-^^-^o^o^o^ool  l©^ofO*Hl^■^l^w»o^^dP^‘»dl  i 

.  ..It  .i  . . .  ..»...|  .........ii 

©  ©B^^©d*HMdd  t^b-oo©©©  ^©©©©©'^''^© 

1  rH  rH  ^  ^  W  »H  W  iH  'tH  W  1  1  1  1  1 

oasr/  ‘JXV  ‘a^TX 

©dr*40'©CO©0©^^■^©C^f'I©0^t>‘©Od©©©a^©dO»©CO*r<©b•OvO^^«•fO 

©©©^ddd<Nd©dOcnB'^o*Hcs©^©ddcor^^»H©i-Ho«^ddddw© 

ddd»-i©©©©fo©fO"J*©Bi-^^^©©©©oo\0'0©®oooofo«o©©©©coo 

oasr/  ‘XXV  ‘3'-“TX 

©©©b'd®^©t^b4do^tft-i©r^»-i^o©®©r-i©oea»osw©cOtH«o©s*©d 

(XXV 

oas/ij  ‘A^tdoxba 

dOOOO©fH©OO©©©©O0'O©©©©©dC0©©Ch»-«p©a*f0Or^Q©© 

^ooo^©co©©-«r^wd©©t>.©a»©©t^o»fo^o*H»-4do\®»-«t^roco^©©w 

oo©^dddd^^dddd^^csdddddddB^•^^^•^^©^.^^©»4'^^^^^» 

tMw«H<Mddddddcstddnddddd(Nd^f-4*H«H«MiH«HB-(r^«-4i-HiHv-t<M«-4T‘^ 

(suaajas  uiozx) 
oas/xx  'AXTOOX3A 

« 

dodooco©©odoo»-*ooo  p©©o»-‘©0'0poaj©»o©ocood© 
^©ooooot^^odwwwooaidoo  i  Odd^di^©ooo©©oodOw^cO’^ 
b*©©»-id'-«^iHcsBH»H^^wdrH  1  dddd'^'^©^^aob»b*^^^^^'rt'^0' 

»-!iHWddddddddddNdd  CSdddtH»-»»-IW'FH^Wr-|B-l»HvH^Wr^«-4iH 

UOT:VD9T9g 

aSjBqo  wai 

©©©  1  ©©©©©©©©^©©©©©©©U>©©©©^©©©©  1  I  CO©©©© 

•  1  1 

..a,,  la^iaTdWai 

©c»d©©©©©©co'CSdi-»ro©©fO©©d©©dddr-»ddd-»^^d©©©©© 

fOco©©fo©co©©©©©©co©©©fO©co©ro©©©rOfO©©©d©^^‘^^^ 

„v„  xaVTd  wai 

CO 

CO 

coddd©©©©©©ddd©©©©©©d©©ddddddd»-*d©cocod©co 

©©©©©foco©©©©©©ro©©©co©©©co©©fo©«0f0©©©^©©©©© 

(saajSap)  axSuy 

ooooooooooooooooooooooooooooooooooooo 

•oM  punoa 

12-1-30 
12-2-1 
12-2-2 
12-2-3 
12-2-4 
12-2-S 
12-2-6 
12-2-7 
12-2-8 
12-2-9 
12-2-10 
12-2-11 
12-2-12 
12-2-13 
12-2-14 
12- 2- IS 
12-2-16 
12-2-17 
12-2-18 
12-2-19 
12-2-20 
12-2-21 
12-2-22 
12-2-23 
12-2-24 
12- 2- 25 
12-2-26 
12-2-27 
12-2-28 
12-3-1 
12-3-2 
12-3-3 
12-3-4 
12-3-5 
12-3-6 
12-3-7 
12-4-3 

229 
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(•“T) 

JOJJ3;  4U.3UI33BjdSTQ 

“’°°’^'^®'‘'^Wi-itso<-i»Hcofo<-iui»HOO«5iotsoooec  1  1  it-~5oS  ics  1? 

»  1  +*  1  ,  +  +  ,  ,  +  ,  +  .j.'  ,  ,  ,  ,  ,  ,  ^  ^  ,  '  ‘  '  ; 

I  '  1  1  , 

oasT/ 

(.JXV  -  ,JXV)  JX  VP 

(,pa}BTnoxB3) 
38STy  '.jxv  ‘auiTx 

(TBnioy) 
33sr/  ‘,JXV  ‘B'UTX 

-2069 

2074 

2036 

2054 

2094 

2114 

1993 

2020 

1947 

2071 

1598 

1609 

1659 

1636 

1650 

1608 

1563 

1592 

1619 

2588 

2507 

2688 

2700 

2678 

2675 

2681 

84 

7785 

2608 

2660 

2661 

2756 

3034 

2635 

7458 

2110 

(•UT) 

Jiojjg  ‘^qaTaji 

^GS^fiS2  ou?oo  0 

Wfo^ooo)  roir50\ro  ot 

^  1  •pH  ^  pH  I  ,1^ 

(•UT  ‘paiB^noxBo) 
jojja  ‘iq3TaH 

CO  rr  VO  00  00  00  0  <N  0  rtC^OOOO  BmSSS  (NCSWfO  rH 

( -UT  ‘XBn^oy) 

JOJaa  ‘^MaT^H 

S  i5  8§K§§  gK§§  § 

“•  i~:>didid>dvd  t^>di>:do>  i^t^oot^ 

cscscscse^c^ts  cs  (scscscoc^  csc^c^c^  d 

XB^UOZTJOH  (*UT) 
JOJJ3  UOT^TSOJ 

W00in00OW)i--t\0  fO  0  *-trHlOi-4»D^ 

'Ol/>^Oev|rHC'|C'<00  il/i  1  ll/>0«fOC^^ 

*  . . .  . . 

••‘•'•‘C'l  1  1  ipHi^^i 

■  III 

IBJUOZT JOH 
(•UT  -paiBxnoxBO) 

UOT^TSOa  TT^MS 

£^S§?}?S2  s  2  :?f:!2g5;K?!Kggg:?KSfJS 

'  «  1  1  1  1,  1  ■  i  1  1  1  I  1  1  1  1  1  1  1  1  1  , 

pBXUOZIJOH 
( -UT  ‘XBnxoyJ 
UOTXTSOJ  Tjaiis 

f'il/l^OOC^OvC^Oi  Tf  0  OOfOt'v^i/s/sj 

CO»-IC<OOCO'OCOhJ*  iCO  I  Il/i  l0^f00^00v>^^ 

iduodtoiogiooo  id  f-;  I'^oot-.’dodt'; 

'  *  1  •  1  1  1  1  1  i  1  1  1  1  1  1 

oasrV  ‘JXV  ‘au'TX 

2222222222'="“®®*^®®“22222SS2S52^««^”°o 

oasV  ‘XXV  ‘s^TX 

sSisgsiliSsSiKiKSKaiisSsSigiiSliigiSg 

pH  CO 

(XXV  '“OJJ) 
oas/:»X  ‘XlTooxaA 

iiiiliiliiiiiiiiiliiliiiilliiliiiiill 

(suaazas  uiojj) 
oas/xj  ‘AxTooxaA 

5g|2gg||§|ggg§o§°goooi£|£^ogojoujo;nggg« 

U0TX03X®S 

5^1 

fo  n  n  rr,  p,  n- tj- u- ^  ^  ^  ^  ,  ,  ,  ,  ,  . . .  ,  _ 

'  '  '  1  ■  1  1  1  1  1  1  t  1  1  1  1 

„a„  wai 

sgggggssssggggssssggg 

..V„  laVTd  wai 

SSSSSSSSSSSSSSS  SSSgS22vS2gtSgSS2S°°v8l8g 

(saajSap)  ax3uy 

g222°°°°°OOOOOOOOOOOOOOOOggOOOOOOgOOO 

•o\  punoa 

12-4-4 

12-4-5 

12-4-6 

12-4-7 

12-4-8 

12-4-9 

12-4-10 

12-4-11 

12-4-12 

12-4-13 

12-4-14 

12-4-15 

12-4-16 

12-4-17 

12-4-18 

12-4-19 

12-4-20 

12-4-21 

12-4-22 

12-4-23 

12-4-24 

12-7-3 

12-7-4 

12-7-5 

12-7-6 

12-7-7 

12-7-8 

12-7-9 

12-7- 10 

12-7-11 

12-7-12 

12-7-13 

12-7-14 

12-7-15 

12-7-16 

12-7-17 

12-7-18 
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Table  13.1  Test  Firings  and  Evaluation  (Continued) 


(•UT) 

JO  jag  ;u8uisoBtdsT(i 

VO  uioioo  in'Ofoio  (•»  ^1*) 

<*50ii-it«oot'mt'ujiooooofo^ooino  i/jmiHoooT'Wr'Oioi  W'tMoiio  ^ 

++II+  +  +I+I  l+lll  1 

oasri 

(.JXV  -  ,11V)J1VP 

iOOOO\W)MOCSOtl^<m  WIOHi  10  0  1  1 

. . .  ++lt-t--*--fi+i  1 
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i^iocs^i/)®t«'0)fOQcoo\Xb^^O)rr>  iesfncs«o^®Mf90)  iootN.t>\^eq  ,© 
iWfHrHvHi-tOOOOCtHtOVO^.  t^^^t^XXXXQOlO  itOlOC^ICSMi^ 

(•“T) 
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UJV)  W  If)  tf)  cswt^cswt*^^  C^0> 
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1 
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jojjg  ‘maxaH 

^C'jfOfOcs  oob-  wroxcMb*  xcoco®  cs  eo  vo  x  *-c  co 

OOVO  0\V0  \D  VOr-<fO(OfO  OOW  CSfOO^fOO)  O)t^C0'O^f0C0  C^l/)  X- 

1/5VO  vox  VO  Tj'in’^'Oio  B^^vo  o 

<scs  Cl  cicicicici  cidM  cNidddci  dcscicicicici  cid  ci 

( -UT  'xBn^ov) 
JOJjg 

I/JIOIOOOOOOIT)  l/>Ol/>VOl/>lO  1/300  0  o 

dc-  do  o  ooodvo  lOdO  b**c*i>*ind  lodooxoo  xio.  o 

vovD  vob«.  b-  t^b-.b‘‘b‘.b«.  b.t>.b.  b^vDvovob*  vovovoi/jb-b^vo  xx  ^ 

dd  dd  d  ddddd  ddd  ddddd  ddddddd  dd  d 

•J-B^UOZIC  JOH  (*UT) 
JOJJ3  UOT^TSO^J 

XX  XX  X  XOOXdXX  b'O  X 

0)b*  »-tX  dw  ^  XXXd^OX  XVO  ^ 

1  »Hd  ddi»-*BHdBH  1  1-i  « 

1  1  1  1  1  1 

Xe;uoztjoh 
( -UT  "pajexnoxBO) 
uoT^Tsoj  XT^HS 

dO^XOV^dO'  OVX'^OX  ddX  OrHXr-trH  XfHOV^Xt^X 

XddXXXX  OdddX  VOb«.X  XX<i-«-<X  0)0\b-V0^OX  ox  o 

vbvbvoxvcvox  Xvovovob-  b-b'.b.  b^b^b'.XX  XXXXVOXX.  b-b-  b^. 

1  1  1  1  i  1  1  1  1  1  1  s  (It  1  1  1  1  1  1  1  1  1  1  1  1  II  1 

XB^UOZT  JOfI 
(•UT  ‘XBnjDV) 
UOTJTSOJ  XT^'^S 

x»H  b-x  X  oa^ooxdx  dX  x 

XX  ^x  X  Tfxoxdwx  x^  X 
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14  II  II  1  1  1  1  1  1  1  1  II  i 
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XXXXOXXOXOOOOOdXOOOOXOXXXXOdXOOOOOOOO 
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xb*b*xxxxx®xxxdddddxddddxx®®xb*b*xxxTHdddd 

i-(vH«-^B-l«-(iHrHTHBHi-HvHBHddddddddddrHi-^vHrH^rHiH4HTHTHddddd 

U0T;09f 9S 
aSjEip  wai 

•  '  1  1  1  1  •  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1 
•  1  1  t  t  :  1  >  i  I  1  1  t  1  1  1  1  1  1  1  1  1  1  I  1  1  1  1  1  1  1  1  t  1  1  1  1 

1 - 

..a„  i3>f=Td  wai 

X 

0’-*»-*^»-»^OdXdxxxt-ixdddddXXX^^XTj'dxxdddXddd 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

..V,.  wai 

b*  X  b* 

X  XX 

1  1  1 

Xb*b*b.b.b.XXb*b-b.b.b.Xb«XXb.bXbb*b*XX®XXbb.b*b.bb*XXX 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxvoxxx 

(saajSap)  axSiiy 

ooooooooooooooooooooooooooooooooooooo 

^^^^'^^^^^^^^^^^'^^XXXXXXXXXXXi-CB-tB-t»HWBH*-4T-ti-‘ 

•ON  punog 

12-7-19 
12-7-20 
12-7-21 
12-7-22 
12-7-23 
12-7-24 
12-7-25 
12-8-3 
12-8-4 
12-8-5 
12-8-6 
12-8-7 
12-8-8 
12-8-9 
12-8-10 
12-8-11 
12-8-12 
12-8-13 
12-8-14 
12-8-15 
12-8-16 
12-8-17 
12-8-18 
12-8-19 
12-8-20 
12-8-21 
12-8-  22 
12-8-23 
12-8-24 
12-8-25 
12-8-26 
12-8-27 
12-8-28 
12-8-29 
12-8-30 
12-8-31 
12-8-32 
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Table  13.1  Test  Firings  and  Evaluation  (Continued) 


(  •»7> 

joaag  ^uaiuaoBjdsTa 

Q<ne5>u)rooot~ooot»3mio>-io>mc'im'V«^inoii«M(o  <N«  voesc 

©(*jioiocs[ts<nin«sc5c50o<*?Moco'o*-i<t<-t'rM«ts  i«+oo  i>oo>V 

i»iiiiiii+ii4-  +  4*iiiii»iiii  II  II 

oasrl 
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«o^^4^^«-<«HC<lv-<cscsOfH^vo^^(mro*TOcs^cOfO'4*w^<-ao  i  9t/)h 
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(•«)■ 
jojja  ‘mayaH 
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+.31 

-.30 

-.43 

+1.25 

+1.39 

-.02 

+.2 

+.72 

+2.26 

-1.67 

-2.64 

-3.69 

-.25 

+.25 

( -UT  ‘payBjnoxBO) 
jojja  ‘anSian 
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25.61 

26.56 
24,95 

25.57 

27.25 
26.  89 
24.98 
22.45 

26.  72 

28.76 

29.42 

24.36 

22.81 
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( -UT  ‘xBnyoy) 
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l/)pB-<t^i-»X/>PO'COQT-<F-*U5THfOCOO)eOOOt>*’^»PCOOiOOr-‘r4  10  O) 

r^<?i\nes^fS(0^c0VDPa''^pr'C0<O0iO(-cvD0\PQ'^p’«t  « 

(XXV 

oas/xj  ‘/CxTOoxa^ 

oo*vocsoa''^v/>f^dt^TfiH\npoov)pi/>i/>t^coa»(SO'irtu>OP 

^-fO^'^o^^ot^<s^vl/>oool^ooc^fQ*-^r^o^oo)^^'^•l/>ro 

l^t^O»-<0»-<»HO*-«OOCSOeSCSCOCOPvrPcOVDt^VD«Dr**»-40  Or-i 

»-H»-i<SC>l€SCSC4<N<SCSC4<SC4CSeSCS'-i»-<*HiTH»-l,H*-liH»Hl»H(NC4  CS<N 

(suaaTos  uiojiy; 
oas/xjf  ‘iijTooxaA 

t^O'  l/>  l/> 

(  1^00  U^t/)t^C4l/5  O)  r-4Q*-4CSP00  O 

1  lOO  ooooofo  (-<fOro<Nt^  ‘O  r^®i>i^pO  w 

CIOIC4CSOICN  CSC4CSC4»-4  i-I  ^,-4»-(t-ic4C<  CS 

UOf ^33735 

33jeqo  mi 

io’5fioinw'^^vn^iniov>v)'^'0'Ovou3vop’j^vopvovoppppvov) 

lajiarj  wei 

a4a'Ooa*ooo>o>Qa'Cooooi«v)'0'Ovnvoio»o'0'Ov>mi/>Pvc>'Ov)'Ovo 

inmiovoi/)voio^(oi/)v)vovovovovovovovovovovopvovoptopvovovo 

..V..  Wai 

CO 

t*- 

vo^>^n'0^o^^^^t^^^lov^^'Cococo'^c4csc4CNi^c*4C4r^r^^^^C4C4cs^ 

vovovovovovovo'0’Ovovo»ors.i-...t>.r».t>,ts.t>.t-»t>,ts.iN.ts,.t>.t**-r^t^t«-.r*-t*«. 

(saajSap)  ax^^V 

0000000000000000000000000000000 

•o(j  punog 

12-16-3 
12-16-4 
12-16-5 
12-16-6 
12-16-7 
12-16-8 
12-16-9 
12-16-10 
12-16-11 
12-16- 12 
12-16-13 
12-16-14 
12-16-15 
12-16-16 
12-16-17 
12-16-18 
12-17-3 
12-17-4 
12-17-5 
12-17-6 
12-17-7 
12-17-8 
12-17-9 
12-17-10 
12-17-11 
12-17-12 
12-17-13 
12-17-14 
12-17- IS 
12-17-16 
12-17-17 

o(j  punog 


12-17-18  30  73  66  6  2063  2115  546  814  -  8.30  -  6.58  -1.72  25.5  22.98  -  2.52  1494  1519  -  25  -.62 

12-17-19  30  74  67  6  2070  558  811  1558  1565  -  7  -.17 

12-17-20  30  74  67  6  2066  2037  567  789  1610  1608  +2  +.05 

12-17-21  30  73  66  6  2055  2096  551  802  -8.02  -6.82  -1.20.  26.5  24.13  -2; 37  1537  1542  -5  -.12 

12-17-22  30  73  66  6  2058  2112  547  788  -8.07  -7.01  -1.06  27.5  24.62  -2.63;  1535  1532  +3  +.07 
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(C)  The  analysis  of  21  pairs  of  pictures  shows  that  the  average 

penetration' was  4.7  mm  with  a  standard  deviation  <7  of  ±  7.02  mm.  This 
distance  is  measured  from  the  leading  edge  of  the  fence  to  tho  position 
of  the  shell  nose  at  the  instant  a  pulse  was  obtained  from  the  sally  ampli-' 
fier.  The  average  penetration  of  4.7  mm  can  easily  be  included  by  adding 
the  proper  constant  to  the  firing-time  equation. 


13.6.3  Firing-Time  Error 

(S)  The  equation  for  the  firing  time,  including  the  K-factor 

(section  9 .4)  is 


AT,  = 
f 


d^  +  kL  cos  0 


1 

tan  (i 


AT^ 

atT 


-  AT„ 


(13.1)' 


*5 


For  the  matter  of  convenience,  AT^,  AT-j^,  and  AT_  will  be  labeled 
Tf,  Ti ,  T2  respectively.  These  new  notations,  however,  should  not 
be  confused  with  those  used  in  the  previous  sections.  Differentiating 
equation  (1)  partially  with  respect  to  T^  an<i  T2  gives 


dT,  = 

X 


jfd^  +  kL  cos  6 

1 

T 

2 

!  1 

V  tan  d) 

T,  1 

1  'V  tan  (1 

L  ' 

c  ‘ 

1 

1  ^ 

^  ^  J 

dT^ 


Writing  the  terms  in  the  first  and  second  brackets  as  K]^  and  K2,  respecr 
tively,  one  gets 


dT^  =  K,  dT^  +  K2  dT^ 


(13.2) 


(U)  Equation  (13.2)  will  be  used  in  either  one  of  two  ways,  de¬ 

pending  on  whether  or  not  the  penetration  is  a  function  of  velocity. 
Figure  13-3  illustrates  the  two  cases.  For  case  a  in  figure  13-12,  the 
product  V  times  dT 


VdT  =  'A  dT’  =  V  dT’’  =  V  dT"  =  etc, 

J.  J.  ^  X  X 


is  a  constant  distance  independent  of  the  velocities  V2,  V3,  and 

the  variation  about  this  constant  value  has  to  be  considered  as  an  un¬ 
certainty  error.  Equation  (13.2)  is  multiplied  through  by  the  shell 
velocity  V,  giving 


V  dT^  =  V  dT^  +  K2  VdT^ 


(13.3) 
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The  error  equation  for  the  area  of  the  rms  uncertainty  of  hitting  a 
projectile  is 

/  2  2~  2  2” 

E  =  VK,  E  +K„  E 
-  1  2 


(13.4) 


Where  E  ,  =  total  rms  positional  error, 

E  =  rms  epror  associated  with  the  product  V  dT..,  and 

Pj^  1 

E  =  rms  error  associated  with  V  dT..  . 

P2  2 

(U)  For  case  b  in  figure  13-12,  where  the  penetration  is  a 

function  of  the  velocity,  the  time  dT,  is  constant  and  variations 
about  the  value  of  dT^^  would  now  liave  to  be  considered  as  an  under- 
tainty  error.  Hie  error  for  the  firing  time  would  be 


E  fji  E  ^  +  K  E  ^ 

Tt^  1  Ti  2  Tg 


(13.5) 


where 

E  =  total  error  in  the  firing  time, 

^t 

=  rms  time  error  associated  with  dT, ,  and 
T^  1^ 

E.J,  =  rms  , time  error  associated  with  dT^. 

2 


The  positional  error  E  , 


then,  is 


(13.6) 


(U)  From  the  scatter  diagram,  figure  13-13,  for  which  the 

21  firings  mentioned  in  section  13.6.2  were  used,  it  can  be  seen  that 
there  is  no  correlation  between  the  penetration,  as  measured,  and  the 
velocity.  Therefore,  case  d  in  figure  13-13  and  equation (13 .4)  are 
the  correct  ones,  and  not  case  b  or  equation  (13.6).  * 


*  It  may  be  that,  to  a  slight  degree^  th^  penetration  Still  is  a^func- 
tion  of  the  velocity.  'However,  other  effects  predominate,  so  that  no 
correlation  can  be  found  experimentally. 
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<U)  Since  the  time  interval  T,  is. the  result  of  the  pro¬ 

jectile  passing  through  two  fences,  the  total  rins  error  associated  with 
it  is  «/2  times  the  error  of  one  or  ±  1,41  x  7.02  mm  =  ±  9.8  mm  =  0.39  in., 
where  7.02  mm  is  the  standard  deviation  of  the  penetration  as  arrived  at 
in  section  13.6.2.  Similarly,  the  rms  error  associated  With  T2  is 
assumed  to  be  also  ±0.39  in. 

(0)  For  the  numerical  computation,  the  terms  K  and  K2  from 

equation  (13.2)  are  Introduced  in  equation  (13.4)  which  gives 


E  = 


f  ^ 

r 

^  2 

ra+klcosO  T^d^l 

'  2  i 

>-  E 

1  Pi 

'  d 

1  1  1  _  1 

]  ^  2 
^  E 

P2 

1  di  Vg  tan  ' 

1  tan  j 

(13.7) 


and  K2  contain  the  velocity  term  di/Tj^ ;  ki  has  also  a  height  term 
T2/Ti  .  The  term  (d^  +  kL  cos  0)/dj|^  has  a  maximum  value  of  4.7,  and  l/Vg 
tan  3  =  3.44  X  10~^  sec/ft. for  the  geometry  used.  When  these  values  and 


terms  are  introduced  in  equation  (13.7),  and  with 
positional  error  becomes 


E 


=  E 


the  total 


E  =  /  (4.7  -  3.44  X  10“^  V)^  +  (3.44  x  10“^  V  -  1)^“  (13.8) 

Pt  7 

With  this  error  equation,  the  total  positional  error  has  been  plotted  in 
figure  13-15  as  a  function  of  the  shell  velocity  V  for  three  values  of 
T2/Tj^,  namely,  2,  1,  0.5,  which  result  from  the  lowest,  middle  and 
greatest  height,  respectively,  of  the  shell  trajectories  over  the  optical 
sensing  units. 

(C)  Analysis  of  shell  pictures  taken  with  the  firing  pulse  from 

the  firing-time  computer  results  in  a  standard  deviation  a  of  ±  0.51  in, 
for  shell  velocities  around  1400  fps  of  ±  1,23  in.  for  1800  fps,  and 
±  1.05  in.  for  2000  fps. 

(C)  As  figure  13-14  shows,  these  exi)erimentally  found  errors 

are  smaller  than  the  calculated  ones.  Actually,  they  can  be  expected  to 
be  smaller,  since  the  instrumentation  made  it  necessary  to  have  the 
shell  trajectories  as  closely  over  the  centers  of  the  optical  fences  as 
possible,  thereby  eliminating  the  variations  of  the  different  positions 
along  the  fences  as  sources  of  error. 

(S)  For  the  matter  of  clarity,  it  should  be  borne  in  mind, 

What  the  standard  deviation  of  about  1  in.  means:  It  means  that  68.3 
percent  of  th2  shells  havlqgvelocities  between  1400  and  2000  fps  could 
have  been  hit  at  a  predetermined  point  on  their  axes  with  an  accuracy 
of  about  ±  1  in. 
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14.  MICROWAVE  APPROACH 
W.  Moore 


(U)  Kie  microwave  approach  to  the  Dash-Dot  problem  was  carried  on 
under  contracts  DAI-19-020-501- (P)-49  and  DA-49-186-502-ORD-586  by 
the  United  Shoe  Machinery  Corporation^  Beverly,  Massachusetts.  A 
brief  summary  of  the  basic  approach  considered  by  the  contractor  will 
be  outlined  here. 

(U)  Because  misunderstandings  have  arisen  in  the  past  regarding  the 
microwave  approach  to  the  problem,  it  is  well  to  empheisize  at  this 
point  that  "radar  techniques,"  in  the  generally  accepted  sense,  were 
not  employed . 

(C)  The  greater  portion  of  these  investigations  was  based  upon  a  cw 
system  and  high-resolution  antennas,  operating  in  the  near-field  to 
establish  detection  planes  through  which  the  shell  passes  sequentially. 
Thus,  the  problem  essentially  reduces  to  the  same  form  as  that  encoun¬ 
tered  with  the  optical  approach,  with  the  exception  of  the  velocity 
measurement,  and  the  necessary  hardware. 

14 . 1  Velocity  Measurement 


(U)  The  velocity  measurement  is  made  with  the  well  known  Doppler 
method.  A  cw  magnetron  operating  at  X-band  and  capable  of  about  one 
watt  output  was  used  to  feed  a  horn  antenna  of  relatively  low  gain. 

This  may  be  used  both  for  transmitting  and  x'eceiving,  or  a  separate  re¬ 
ceiving  horn  may  be  used.  The  receiver  for  the  velocity  measurement  is 
essentially  a  zero  I-F  type.  The  Doppler  frequency  signal  of  the»-re- 
flected  return  signal  is  limited  and  counted  to  give  an  output  which  is 
proportional  to  the  approach  velocity. 

(S)  System  requirements  call  for  operation  against  shell  speeds  from 
approximately  200  to  5000  fps.  The  velocity  measuring  equipment  there¬ 
fore,  has  to  be  capable  of  covering  a  25; 1  frequency  range, 

(C)  The  output  from  the  velocity  measurement  unit  usually  will  have 
to  he  stored  for  a  short  period  of  time  until  information  is  obtained 
from  other  parts  of  the  system  regarding  the  position  of  the  attacking 
round . 

14 . 2  Methods  for  Height  Determination 

(C)  Two  methods  were  investigated  for  determining  the  height  of  the 
attacking  round  trajectory.  These  methods  were  termed  the  Multiple  Bi¬ 
static  System  and  the  Three  Horn  System.  Both  approaches  relied  upon 
high- resolution  antennas,  operating  in  the  near  field,  to  establish 
sharp  detection  areas. 
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I’hls  system  employs  quantized  height  determination.  It 
utilizes  fvo  sets  of  horn  antennas  One  set  is  for  transmitting:  the 
second  set  is  for  receiving  (figure  The  transmitting  antennas 

are  arranged  one  above  the  other  and  face  the  receiving  horns  which  are 
similarly  'stacked'*.  'Hie  particular  transmitting  and  receiving  antennas 
which  are  directly  opposed  form  a  "bistatic  palr”^  antenna  1-T  and 

2-T  and  2-Rj  etc.  When  a  projectile  passes  between  a  pair,  it  pro¬ 
duces  a  change  in  the  received  signal  and  this  change  is  used  to  trigger 
height  compensation  circuitry, 

*'C)  It  is  obvious  that  the  height  informatio;  so  obtained  is 

quantized  in  height,  since  the  projectile  may  be  anywhere  in  the  region 
between  the  horns  of  a  pair  and  still  activate  the  circuitry  connected 
to  it.  This  system,  therefore,  only  gives  height  information  to  an  ac¬ 
curacy  of  +  kH/2,  where  1/k  equals  the  number  of  bistatic  pairs  in  the 
total  height  H,  if  the  detection  regions  are  all  of  the  same  Width  ver¬ 
tically  and  contiguous  to  one  another. 

(S)  An  error  In  height  of  this  magnitude  will  manifest  itself 

in  a  positional  error  for  intercepting  the  attacking  round  of  ±  kHV]u/2Vj, 
from  a  chosen  position.  For  Instance,  for  a  system  where  kH  ■•=  12  in. 

Vq  =  8000  f ps ,  and  the  maximum  attacking  round  velocity  =  4000  fps, 

the  error  is  ±3  in. 

14.2.2  Three-Hom  System  for  Height  Determi na felon 


(C)  Ihe  ■  Three  Horn  System*'  of  height  determination  is  based 

upon  the  same  principle  as  that  used  in  the  optical  approach.  Figure 
14-2  shows  the  main  features  of  this  method.  It  consists  of  one  trans¬ 
mitting  and  two  receiving  antennas  arranged  to  form  two  detection  planes 
making  an  angle  with  respect  to  each  other.  As  the  projectile  passes 
through  the  planes,  two  pulses  are  generated  by  the  receivers  and  R2. 
The  time  interval  I2  *•  tj.  between  these  pulses  is  directly  proportional 
to  the  height  h  and  Inversely  proportional  to  the  shell  velocity.  As 
velocity  information  has  already  been  obtained  from  the  Doppler  signal, 
it  is  possible  to  use  this  information  to  extract  h  from  (t2  "  tj). 

(S)  From  figure  14-2,  the  equation  for  t.he  firing  time  Tf, 

that  is,  the  time,  the  defending  charge  has  to  be  fired  after  the  shell 
has  passed  through  the  second  beam,  may  be  obtained.  For  the  dimensions 
given  in  the  figure,  the  equation  is 

v 

Tf  -  5  -  10  -f  ’ 

c 

where  ’'***^^ 

-  velocity  of  the  attacking  projectile, 

=  fragment:  speed  of  the  defending  charge. 
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Figure  14-2.  Practical  three-horn  system 
(Reproduced  from  contractor  report  No.  29) 
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CONFIDENM 


(C)  The  equation  is  similar  to  that  obtaiked  for  the  inclined- 
beam  optical  approach,  and  therefore,  the  firing-tiile  computer  may  also 
be  essentially  the  same.  / 


14.3  FM  Ranging  'Techniques 


(U)  In  a.ddition  to  the  method  outlined  in  section  14.2.1  and  section 
14.2.2,  a  study  was  made  of  frequency-modulation  ranging  techniques. 

These  are  outlined  in  the  contractor's  Quarterly  Report  for  the  period 
1  Oct  31  Dec  1956,  Contract  DAI'-19-020-501-ORD-(P)-49,  Dash-Dot. 

(U)  As  stated  in  the  above  report,  the  following  methods  were  investi¬ 
gated  : 

1.  Ismail's  method  whereby  both  range  and  speed  information  are 

simultaneously  provided. 

2.  Single-range  plus  speed  measurement  where  the  time  when  a  pro¬ 

jectile  is  at  a  preset  range  and  its  speed  at  this  time  are 
independently  determined. 

3.  Two-range  system  where  the  speed  is  determined  by  the  time' re¬ 

quired  for  the  projectile  to  move  from  the  first  to  the  second 
preset  range, 

4.  Fixed-frequency-constant-delay  system  where  a  "zerq’'  beat  be¬ 

tween  the  difference  frequency,  f,  and  a  reference  frequency 
serves  to  initiate  a  fixed  delay  before  triggering, 

14.4  Bibliography  of  Contractor's  Reports 


(U)  In  order  to  avoid  encumbering  this  report  with  information  that 
can  be  obtained  elsewhere,  the  above  description  of  the  microwave  approach 
has  been  held  to  a  minimum , 


(U)  For  complete  information,  reference  is  made  to  the  reports  by  United 
Shoe  Machinery  Corporation,  Beverly,  Massachusetts,  copies  of  which  are 
available  through  ASIIA.  A  bibliography  follows; 


*  Ismail,  M.  A.  W. ,  A  precise  New  System  of  FM  Radar,”  Proc.  IRE,  Vol. 
44,  September  1956 
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15,  C30NCI.USION 


H.  W,  Straub 


(S)  In  June  1959,  it  became  apparent  that,  contrary  to  previous  assump¬ 
tions,  the  Dash-Dot  system  was  expected  to  be  capable  of '  being  mounted 
on  a  present-day  tank.  The  maximum  front  overhang  tolerable  v/as  speci¬ 
fied  by  OTAC*  as  six  inches  beyond  the  fenders  and/or  one  foot  below 
the  turret  race.  This  requirement  ca;inot  be  fulfilled,  at  the  present 
state  of  the  art,  by  the  system  described,  in  this  .report. 

(S)  For  instance,  the  106  mm  M344A1  HEAT  round  must  be  hit  14  Inches 
behind  the  nose.  This  necessitates  the  innermost  detection  fence  to  be 
at  least  24  inches  outside  the  defending  charge  line  if  the  charges 
fire  vertically,  which  is  already  a  multiple  of  what  OTAC  can  concede, 
and  this  does  not  take  in  account  the  minimum  safe  distance  between  the 
defending  charge  line  and  the  tank  wall. 

(U)  Under  these  circumstances,  DOFL  made  the  following  recommendations 
to  OTAC** 

”(S)  1.  If  the  words  "vehicular  application"  .  ,  ,  are  to  be 

interpreted  as  meaning  application  on  a  presently  available  vehicle,  or 

"(S)  2.  If  OTAC  insists  on  the  requirement  that  only  6  inches  of 
front  overhang  and/or  one  foot  below  the  turret  race  can  be  tolerated, 
and 

"(S)  3.  If  a  fragment  velocity  of  the  defending  charge 'veiy  much 

higher  than  8200  feet  per  second  cannot  be  expected  in  the  near  future, 

"(S)  then  DOFL  has  to  recommend  that  work  on  the  sensing  system  of 
Dash-Dot  be  terminated  after  field  tests  of  Phase  III  (firing  time  depend¬ 
ing  on  velocity  plus  altitude).  Phase  IV  (line  charge  selection),  and 
Phase  V  (size  discrimination)  have  been  completed." 

(U)  The  project  was  placed  on  the  deferred  list  in  September  1959  before 
the  above-indicated  phases  were  completed.  It  was  then  decided  at  DOFL, 
as  has  been  pointed  out  in  the  introduction,  that  the  last  phases  would 
be  completed  and  a  report  written  even  if  need  be,  on  DOFL  S-R  funds. 
Otherwiipe  much  of  the  funds  spent  would  have  been  spent  with  no  results, 
and  much  technical  knowledge  would  be  ir.-etrievably  lost. 


*  Oral  communication 

**  Letter  Report  "Status  of  Project  Dash-Dot  (U)”  (Secret  Report),  dated 
27  August  1959,  from  DOFL  to  OTAC. 
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m  This  report  shows  that  the  basic  problems,  namely,  those  of  deter- 
■iiting  the  trajectories  of  attacking  shells  at  short  ranges  of  a  few  feet 
only,  of  selecting  the  one  out  of  a  multitude  of  defending  charges  that 
is  in  the  right  position,  and  of  generating  a  firing  pulse  at  the  correctly 
ooraputed  time  for  the  selected  charge  to  defeljjjL  the  attacking  shell,  have 
been  solved  in  the  optical  approach, 

(S)  main  shortcoming  of  the  optical  sensing  system,  which  is  lack  of 

con^^jtheiisy  can  be  remedied  as  defending  charges  of  fragment  velocities 
hl^dw  flifen  4^0  fps  become  available.  It  was  shown  in  the  discussion  on 
the-;^i?taHit  overlaiqp,  sections  2,2.1  and  2,2,3,  that  the  velocity  V  of 
the' dwifiending  charge  fragments  appears  in  the  denominator  of  the  equations, 
meaniiig  that  the  front  overhang  can  be  reduced  with  increasing  fragment 
velo<A'ty » 

(C)  '.;Jt  should  be  noted  that  improvements  in  the  photocells  regarding 
higher  sensitivity  or  shorter  time  constant  would  have  no  influence  on 
the  size  of  the  sensing  system.  If,  ideally,  low-cost,  small-size, 
zero  time  constant,  infrared  sensitive  photocells  became  available,  they 
would'permit  considerably  simpler  electronic  devices  to  be  built,  but  the 
compactness  of  the  optical  sensing  system  proper  would  not  be' |28<e^ted . 

(C)  Although  the  approach  described  does  not  appear  to  lend  itself  to 
tank  defense,  it  is  felt  that,  when  properly  modified,  it  is  well  suited 
to  solve  other  defense  problems. 
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